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Section 1 
Scope 


14 INTRODUCTION 


‘This Standard establishes symbols, rules, definitions, 
requirements, defaults, and recommended practices for 
‘stating and interpreting dimensioning tolerancing, and 
related requirements for use on engineering drawings- 
models defined in digital data Пек. and related 
documents. For a mathematical explanation of many of 
the principles іп this Standard. see ASME YIAS.IM. 
Additional uniform practices (ог applying dimensions, 
tolerances, and related requirements in digital data sets 
are defined In ASME YISA. Practices unique o 
architectural and civil engineering and welding 
symbology are not included in this Standard. 


1.2 GENERAL 


Sections 1 through 4 establish related references, defi- 
"tions, fundamental rules, and practices for general 
dimensioning For tolerancing practices, see Sections 5 
through 12. Additional information about tolerancing ігі 
nMandatoryAppen 

У Appendices A through D. 


1.3 REFERENCE TO THIS STANDARD 


When engineering documentation ін based on this 
Standard, is fact shall be noted on the documentation 
‘or in a referenced separate document References w this 
‘Standard shall include the designation of ASME Yi 
2018. 


14 ASME Ү14 SERIES CONVENTIONS 


The conventions in pras. 1.4.1 through 14.10 are used 
In this and other ASME VIA standards. 
14.1 Mandatory, Recommended, Guidance, 
and Optional Words. 

(0) Theword “shall” establishes a requirement 

(0) Theword “will” establishes a declaration of 
purposeon the part ofthe design activity. 

(с) Theword “should” establishes a recommended 


practice. 
(d) Thewor “may” establishes an allowed practice. 


(e) The words "typical" "example; “for reference,” 
and the Latin abbreviation “eg” indicate suggestions 
ven for guidance only. 

{N The word “оғ” used in conjunction with a require» 
ment or a recommended practice indicates that there are 
‘oo or more options for complying with the stated 
requirement or practice 

(0) The phrase “unless otherwise specified” (UOS) 
shall be used to indicate a default requirement. The 
phrase is used when the default is a generally applied 
requirement and an exception may be provided by 
Another document or requirement 


142 Cross-Reference of Standards 


cross-reference of standards in text ое without a 
date following the standard designator shall be inter- 
preted ж follows: 

[o] Reference to ater ASME Y14 standards in the text 
without a date following the standard designator indicates 
‘hat the ене of the standard went in he References 
Section (Sect 2} shal be used meet the requirement. 

(0) Reference to other ASME ҮА standards in the text 
with a date following the standard designator indi 
that only that issue of the standard shall be used to meet 
the requirement. 


14.3 Invocation of Referenced Standards. 


Thefollowingexamples define the invocation of a stan- 
dard when specified inthe References section (Section 2) 
and referenced in the txt of this Standard 

(а) When a referenced standard is cited іп the text 
with no limitations to a specific subject or pargraph(s] 
of the standard, the entire standard is Invoked, For 
example, "Dimensioning and wlerancing shall be in 
Sccondsnce with ASME ¥14.5" is invoking the complete 
standard because the subject of the standard is 
dimensioning and tolerancing and по specifie subject or 
paragraphs) within the standard are invoked. 

(0) When a referenced standard is cited іп the text 
with limitations to а specific subject ог paragraph(s) of 
the standard, only the paragraph(s) on that subject are 
invoked. For example, “Assign part or identifying 
numbers in accordance with ASME Y14.100" Is only 
invoking he paragraph) on part or identifying numbers 
because the subject of the standard is 


engineering drawing practices and par or identifying, 
numbers is a specific subject within the standard. 

(c) When a referenced standard is cited in the text 
without an invoking statement such as Ла accordance 
with.” the standard s for guidance only. For example, 
“For gaging principles, see ASMEY1443 is only for guid- 
ance and по portion of the standard is invoked. 


1.4.4 Parentheses Following a Definition 


When a definition is followed by a standard referenced 
in parentheses, the standard referenced in parentheses is. 
the source for the definition. 


1.4.5 Notos 


Notes depicted in this Standard in ALL UPPERCASE 
letters are intended to reflect actual drawing or model 
entries. Notes depicted їп initial uppercase or lowercase 
letters are to be considered supporting data to the 
Contents of this Standard and are not intended for literal 
ry on drawings. А statement requiring the addition of 
a mote with the qualifier “such as" is a requirement w add. 
а note, and the content of the text ік allowed to vary to 
Sult the application. 


14.6 Acronyms and Abbreviations 


Acronyms and abbreviations are spelled out the first 
time used in this Standard, followed by the acronym өг. 
abbreviation in parentheses. The acronym is used there 
alter throughout the text. 


14.7 Units. 


The International System of Units (SI) is featured in 
this Standard. It should be understood Wat US. 
Customary units could equally have been used without 
prejudice to the principles established. UOS, the unit for 
ll dimension values in his Standard is the millimeter. 


14.8 Figures, 


The figures in this Standard are intended only as Illus- 
trations to aid the user in understanding the practices 
described in the text In some cases, figures show a level 
of detail as needed for emphasis. In other cases, figures 
are incomplete by intent so as to illustrate a concept or 
facet thereof. The absence of figures) has no bearing on. 
the applicability of the stated requirements or practice. 
To comply with the requirements of this Standard, actual 
Чиа sets shall meet the content requirements set forth 
Inthe ек. To assist the user of this Standard, a list of the 
paragraph(s) that refer to an Illustration appears in the 
Tower right-hand comer of each figure. This list may not 
be all-inclusive. The absence of a paragraph reference is 
not a reason to assume inap-plicability. Some figures are 
illustrations of models in a threedimensional 
environment The absence of dimen- 


sioning and tolerancing annotations in a view may 
indicate that the product definition is defined іп three 
dimensions. Dimensions that locate or orient and are not 
shown are considered basic and shall be queried to 
determine the intended requirement. When the letter "В" 
is used in figures for leter heights or for symbol 
proportions, Select the applicable letter height in 
Secondance with ASME Ү142. Multiview drawings 
Contained within figures are third angle projection. 


14.9 Precedence of Standards 


The following are ASME Y14 Standards that are Вайс 
engineering drawing standards: 


ASME Y14.1, Decimal Inch Drawing Sheet Size and 
Format ASME YIA 1M, Metric Drawing Sheet Size and 
Format ASMEYI4.2, Line Conventions and Lettering 
ASME УАЗ. Orthographic and Pictorial Views 

ASME VIA 5 Dimensioningand Tolerancing 

ASME Y1424, Types and Applications of Engineering 


ings 
ASMEYLAM Associated Lists 


ASME Ү1435, Revision of Engineering Drawings and 
‘Associated Documents 

ASME Y14.36 Surface Texture Symbols 

ASME Y14.38, Abbreviations and Acronyms for Use on 
Drawings and Related Documents 


A other ASMEY14 standards are considered specialty 
types of standards and contain additional requirements. 
ог make exceptions to the basic standards as required to 
Support a processor type of drawing 


1.4.10 Use of an ASME У14 Caso 


Where engineering documentation is based on an 
ASME У14 Case, this fact shall be noted on the 
‘documentation or in a referenced separate document 


1.5 DRAWINGS WITHOUT REFERENCE 
ТО A STANDARD. 


When a drawing is produced without a reference o a 
standard (company, regional, national, or International) 
ог contractually imposed documents, the drawing shall 
be interpreted in accordance with ASME PDS-1.1-2013. 


1.6 REFERENCE TO GAGING 


This document is not intended as а gaging standard. 
Amy reference to gaging is included for explanatory 
parpsesonl y. Forgagingprinciples.seeAS 
MEY 4.43. Dimensioning and Tolerancing Principles 
for Gages and Fixtures. 


17 SYMBOLS 


Adoption of symbols indicating dimensional require- 
ments, as shown in Nonmandatory Appendix С. does not 
preclude the use of equivalent terms or abbreviations 
Where symbology is considered inappropriate. 


Section 2 
References 


2.1 INTRODUCTION 


The following revisions of American National 
Standards form a part of this Standard to the extent 
specified herein. A more recent revision may be used. 
provided there is no conflict with the text of this 
Standard. In the event of а conflict between the text of 
this Standard and the references cited herein, the text of 
this Standard shall take precedence. 
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Molded Pars 

ASME Y1436-2018, Surface Texture Symbols 
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ЗА ANGULARITY 
onguloriy: the condition of a line element, surface, 
festure’s center plane, tangent plane, or features ais at 
an implledorspecificd basic angle of any value from one 
‘oF more datum planes or datum axes. 


3.2 BOUNDARY, INNER (18) 

‘boundary, Inner a worst-case boundary generated by the 
collective effects of the smallest feature of sae (MMC for. 
эп internal feature of size, LMC or an extemal feature of 
size and the applicable geometric tolerance. See Figures 
5-14 through 5-19. 


33 BOUNDARY, LEAST MATERIAL (LMB) 
boundary leat material te worst case boundary that 
wists on or inside the material of a feature(s) and is 
defined by the combined effects of size and geometric 
tolerances. 


3.4 BOUNDARY, MAXIMUM MATERIAL (MMB) 
boundary, maximum material the worst-case boundary 
that exists оп ог outside the material of a feature(s) and 
Is defined by the combined effects of size and geometric 
tolerances. 


5 BOUNDARY, OUTER (ОВ) 

boundary, outer: a worst-case boundary generated by the 
collective effects ofthe largest feature of size (LMC for an 
Internal feature of size, MMC for an external feature of 
size) and the applicable geometric tolerance. See Figures 
5-10 and 5-14 through 5-19. 


3.6 CIRCULARITY (ROUNDNESS) 
dr (roundness) the condition of surface in which 
(a) for a feature other than a sphere, all points of each 
«trcumerentil line created by the surface intersected by 
“ny plane perpendicular to the aus or spine [curve line) 
are equidistant from that as or spine. 
(0) fora sphere,all points of the surface intersected by 
any plane passing through a common center are equidi- 
‘Stan rom that center 


соанану the condition in which the axis of the unrelated 
actual mating envelope (AME) or ais of the unrelated 
minimum material envelope, as applicable, of ome or 
more surfaces of revolution is coincident with a datum 
эч ог another feature axis. 


3.8 COMPLEX FEATURE 


complex feature: a single surface of compound curvature 
а collection of features 


3.9 CONSTRAINT 
construint alimitto one or more degrees of freedom. 


3.10 CONTINUOUS FEATURE 
continuous feature: two or more interrupted features 
designated with a “CF symbol, indicating they are to be 
considered as a singe feature. See Figure 11-23. 


3.11 CONTINUOUS FEATURE OF SIZE 
totius [estre of sise two or more regular features of 
эше ar an Interrupted regular feature of мае that в des 
mated with а "CF symbol indicating they are to be consid- 
fered a single regular feature of pue. See Figure 5:11 


3.12 COPLANARITY 
coplanar the condition of two or more surfaces having 
Эй elements in one plane. 


343 CYLINDRICITY 


ойпапсду: the condition of a surface of revolution in. 
which all points of the surface are equidistant from a 
common aus. 


3.14 DATUM 
datum: a theoretically exact point, axis, line, plane, ог 
combination thereof derived from the true geometric 
counterpart 

3.45 DATUM AXIS 
dotumaris the axis of a true geometric counterpart 


3.16 DATUM CENTER PLANE 
datum center plane: the center plane of a true geometric 
counterpart 


3.17 DATUM FEATURE 
datum feature: a feature that is identified with either a 
‚datum feature symbol ога datum target symbol(s) 


3.18 DATUM FEATURE SIMULATOR 
datum feature simulator: the physical boundary used to. 


establish a simulated datum from a specified datum 
feature 


NOTE. For example, a рек. tur dement, nd pa dats 
[buch a machine table, surtce рше, a mandrel. or a mathe 
‘atl денар) are not toe plans, bt are of stent 
‘ly hat e planes derived Pom them are ws to sa 
Amt datum. Daum бшмге simulator are wd a the 


pital embodiment of he rue rome counterparts dr 
manufacturing ad inspection See ASME ПАЛ 


3.19 DATUM REFERENCE FRAME 
datum reference frame: three mutually perpendicular 
‚datum planes and three mutually perpendicular aves at 
thw intersections of those planes. See Figure 7-1 


3.20 DATUM, SIMULATED 
datum тийме а point, axis, ine, or plane (or combina- 
Молете) derived from а datum feature simulator. See 
subsection 7.6 and Figure 77. 


3:21 DATUM TARGET 
dotum target: the designated points, Iines, ог areas that 
are used in establishing a datum. 


3.22 DERIVED MEDIAN LINE 
derived median ine: an Imperfect (abstract) line formed 
by the center points of all cross sections of the feature. 
These crass sections are normal (perpendicular) to the 
ans of the unrelated AME See Figure 3-1. 


3.23 DERIVED MEDIAN PLANE 
derived median plane: an imperfect (abstract) plane 
formed by the centerpoint of all line segments bounded 
by the feature. These line segments are normal 
(perpendicular) to the center plane of the unredatd 
AME. 


3.24 DIAMETER, AVERAGE 
diameter, average: the average of several diametric 
measurements across a circular or cylindrical feature. 


3.25 DIMENSION 
dimension:a numerical values) or mathematical expres- 
sion in appropriate units of measure used to define the. 
shape, size, orientation, or location of а part feature or 
between part features. 


3.26 DIMENSION, BASIC. 
dimension, bos: atheorencally exact dimension. 


NOTE А basic dimension ix Indicated by one of the methods 
Ban Рале 11 nd 10-1 


3.27 DIMENSION, DIRECTLY TOLERANCED 
dimension direct toleranced: a dimension with an asso 
lated plus/minus tolerance or limi dimension values, 

NOTE: Where э plus/minus genera trance i өңіне по а 


Amen the диета а смен a direc Trac 


3.28 DIMENSION, REFERENCE 
dimension. dimensional Information, usualy 
‘without а tolerance, that is used for reference purposes. 
only. Areference dimension is a repeat of a dimension or 
ls derived from other values shown on the drawing o on 
‘elated drawings. Its considered auxiliary information 
and does not govern production or inspection operations. 
See Figures 417 and 4-18, Where a basic dimension is 
‘repeated on a drawing It is not identified as reference. 
For information ов how to indicate a reference 
dimension. see para 444. 


3.29 ENVELOPE, ACTUAL MATING (AME) 
‘envelope actual mating asimilar perfect feature(s) coun- 
terpart of smallest size that can be contracted about an 
‘enteral feature(s) or of largest size that can be expanded 
within an Internal feature(s) so that it coincides with the 
surfaces) at the highest points, This envelope is on or 
outside the material. There are two types of AMES, as 
described below. 

(a) related AME: а similar perfect feature(s) counter- 
port expanded within an internal feature(s) ог contacted 
about an external feature(s) while constrained in orienta: 
оп, inlocaton, or in both orientation and location to the. 
applicable datum(s). See Figure 3-1. 

b] unrelated AME: а similar perfect feature(s) 
counterpart expanded within an Interna features) or 
Contracted about am external feature(s), and not 
constrained to any datums). See Figure 3-1. 


3.30 ENVELOPE, ACTUAL MINIMUM MATERIAL 
creeo. adus minimum material а similar perfect 
Features) counterpart of largest size that can be expanded. 
Within an external features) or of smallest sire that can be 


‘contracted about an internal feature(s) зо that t coincides 
‘withthe surface() at the lowest pots This envelope son 
ог within the material. There are two types of actual 
minimum materia envelopes, s described below. 

(0) related actual minimum material envelope: а 
similar perfect feature(s) counterpart contracted about 
an internal feature(s) or expanded within an external 
feature(s) while constrained in orientation, in location or 
In both orientation and location to the applicable 
datum(s) See Figure 32. 

(8) unrelated actual minimum material envelope: a 
similar perfect feature(s) counterpart contracted about 
an internal feature(s) or expanded within an external 
feature(s), and not constrained to any datum reference 
Frame. See Figure 3-2. 


3.31 FEATURE 
Jeature:a physical portion of apart (such as a surface, pin 
outside diameter, ole, or slot) or its representation on 
drawings, models, or digital data fles- 


3.32 FEATURE AXIS 
feature anis: the axis ofthe unrelated AME of a feature. 


3.33 FEATURE, CENTER PLANE OF 
‘Feature, center plane of: the center plane of the unrelated 
AME ofa feature. 


3.34 FEATURE CONTROL FRAME 
feature control frame: a rectangle divided into compart- 
ments containing the geometric characteristic symbol 
followed by the tolerance value or description, modifiers. 
and any applicable datum feature references. See Figures 
(6-28 through 6-29. 


3.35 FEATURE OF SIZE 
Feature ofsiz:a general teem that is used in this Standard 
to refer to instances in which both a regular and an irre- 
ular feature of size apply 


3.35.1 Irregular Feature of Size 
Irregular feature of size: there are two types of irregular 
Features of size as follows: 

(a) а directly toleranced feature or collection of 
features Wat may contain ог be contained by an 
unrelated AME that Is a sphere, cylinder. ог pair of 
parallel planes. Se Figure 741. 

(0) a directly toleranced feature or collection of 
features that may contain or be contained by an 
unrelated АМЕ other than а sphere. cylinder. ог pair of 
parallel planes Se Figures 7-40 and 11-29. 


3.352 Regular Feature of Size 
regular feature ofsize: one cylindrical surface, a spherical 
surface, a circular element, or а set of two opposed 
parallel line elements ør opposed parallel surfaces 
associated with a singe directly toleranced dimension 
See subsection 5.2 and para. 58 Це). 


3.36 FEATURE-RELATING TOLERANCE 
ZONE FRAMEWORK (FRTZF) 

{feature relating tolerance zone framework the tolerance 

zone framework that controls the basic relationship 

between the features іп а pattern with that framework. 

constrained In rotational depres of freedom relative to. 

any referenced datum features. 


3.37 FLATNESS 


Палез the condition ofa surface or derived median 
Plane hayingall elements in one plane. 


3.38 FREE STATE 
free stote: the condition ia which no externally 
‘Introduced forces other than gravity are applied toa part. 


3.39 INTERRUPTION 
Interruption: gap or gaps ina feature that divide tinto. 
two ormore features (e.g, slotora groove). 


3.40 LEAST MATERIAL CONDITION (LMC) 
east material conditor: the condition in which a feature 
of size contains the least amount of material within the 
stated limits of size, eg, maximum hole diameter or 
minimum shaft diameter. 


3.41 MAXIMUM MATERIAL CONDITION (MMC) 
maximum material condition: the condition in which a. 
feature of size contains the maximum amount of material 
within the stated limits of size, eg, minimum hole 
diameter or maximum shaft diameter. 


3.42 NONUNIFORM TOLERANCE ZONE 
‘nonuniform tolerance zone: an MMB and an LMB, where. 


at least ome boundary is a specified shape that s nota 
uniform offset from true profile. 


3.43 PARALLELISM 
porallksn: the condition of a line element, surface, 
tangent plane, features center plane or feature's ans at 
an implied or specified basic” (parallel) angle relative to 
one or more datum planes or datum axes, 


3.44 PATTERN 
pattem: two or more features to which a position or 
profile geometric tolerance is applied and that are 
rouped by опе of the following methods: nX n COAXIAL 
MOLES, ALL AROUND, ALL OVER, between A and В (A ++ 
В), from A to B (A = B), п SURFACES, simultaneous 
requirements, or INDICATED, where n in these examples 
represents a number. 


3.45 PATTERN-LOCATING TOLERANCE 
ZONE FRAMEWORK (PLTZF) 

alteri locating tolerance zone framework the tolerance 

Zone framework that controls the basic relationship 

between the features in a pattern with that framework 

constrained In translational and rotational degrees of 

freedom relative to the referenced dotum features. 


3.46 PERPENDICULARITY 
perpendicularity: the condition of a line element surface, 
tangent plane feature's center plane, or feature’ axis at 
за implied or specified basic 90° (perpendicular) ange 
relative to one or more datum planes or datum axes. 


3.47 PLANE, TANGENT 
lone, tangent: a plane that contacts the high point or 
points of the specified surface. 


3.49 PROFILE 
profile: an outline of a surface, a shape made up of one or 
төге features, or à two-dimensional element of one or 
more features. 


3.50 REGARDLESS OF FEATURE SIZE (RFS) 
regardless of feature size: a condition in which a 
prometi tolerance applies at any increment of size of 
the unrelated AME of the feature of size. 


3.51 REGARDLESS OF MATERIAL 
BOUNDARY (RMB) 

regardless of material boundary: a condition in which 2 

movable or variable true geometric counterpart 

progresses from MMB toward LMB until it makes 

maximum allowable contact with the extremities of 3 

datum feature(s) to establish a datum. 


3.52 REPRESENTED LINE ELEMENT 
‘represented line element: a supplemental geometry line or 
curve segment indicating the orientation of a direction- 
dependent tolerance (ASME YIA 41) 


3.53 RESTRAINED 
restrained: the condition in which externally induced. 
forces in addition to gravity аге applied toa рап. 


354 RESULTANT CONDITION 
resultant condition: the singe worst-case boundary 
generated by the collective effects of a feature of sizes 
Specified MMC or LMC. the geometric tolerance for that 
‘material condition, the size tolerance, and the additional 
geometric tolerance derived trom the features departure 
‘rom ts specified material condition. See Figures 5-14, 5- 
15,5417, and 5-18. 


runout а general term that applies о both circular and 
total runout. 


3.55.1 Circular Runout 
«irculor runout: the condition in which each circular. 
element of a surface Is at zero variation relative to a 
datum axis or axi of rotation established from the datum 
reference frame. 


3.55.2 Total Runout 
total runout: the condition іп which all elements of a 
surface or tangent plane are at ero variation relative o a 
datum axis or axis of rotation established from the datum 
reference frame. 


3.56 SIMULTANEOUS REQUIREMENT 
Simultoneous requirement the condition in which two or 
more geometric tolerances apply as а single pattern or 
part requirement See subsection 7.19, 


3.57 SIZE, ACTUAL LOCAL 
size, actual leat the actual value of any individual 
distance at any cross section of a feature of size. See 
Figure 3-1. 


3.58 SIZE, LIMITS OF 
size imitsof the specified maximum and minimum sizes 
See subsection 55. 

3.59 SIZE, NOMINAL 


size, nominal the designation used for purposes of 
general identification. (USAS ВАЛ) 


3.60 STATISTICAL TOLERANCING 
Statistical tolerancing: the assigning of tolerances to 
related components ofan assembly on the basis of sound 
statistics (e, the assembly tolerance Is equal to the 
‘square root ofthe sum of the squares of the individual 
tolerances). 


61 STRAGHTNESS 
straightness: the condition in which an element of a 
surface, or a derived median line, is a straight line. 


3.62 TOLERANCE 
tolerance: the total amount a dimension or feature is 
ретіне to vary. The tolerance is the difference 
between the maximum and minimum limits. 


3,63 TOLERANCE, BILATERAL 

tolerance, bilateral a tolerance In which variation ік 
permitted in both directions from the specified 
dimension or true profile. 


3.63.1 Tolerance, Equal Bilateral 
tolerance, equalbiltero a tolerance in which variation 
permitted equally in both directions from the specified 
‘mension or true profile. 

3.63.2 Tolerance, Unequal Bilateral. 

tolerance, unequal bilateral: а tolerance that permits 
‘unequal amounts of variation in both directions fom the 
specified dimension or true profile. 


3.64 TOLERANCE, GEOMETRIC 
tolerance, geometric: a tolerance indicated using ә: 
geometric characteristic symbol. See Figure 6-1 for a list 
‘ofthe geometric characteristic symbols. 


3.65 TOLERANCE, UNILATERAL 
tolerance, unilaterat а tolerance in which variation is 
permitted in one direction from the specific dimension. 
r true profile. 


386 TRUE GEOMETRIC COUNTERPART 
vue geometric counterpart the theoretically perfect 
boundary used to establish а datum from а specified 
dotum feature 


NOTE This terma is ону applicable vo dam 


3.67 TRUE POSITION 
ue position: the theoretically exact location ofa feature 
of size as established by basi dimensions, 


3.68 TRUE PROFILE 
тие profile: the profile defined by basie radil, baste 
angular dimensions, basie coordinate dimensions, baste 
‘dimen sion of size. undimenstoned drawings, formulas, 
ог math-ematical data, Including design modes 


3.69 UNIFORM TOLERANCE ZONE 
‘uniform tolerance zone: a constant distance between two. 
boundaries equally ог unequally disposed about the true 
profile or entirely disposed on one side of the true prof 


3.70 VIRTUAL CONDITION (VC) 

нет! condition: э constant boundary generated by И 
садкае effects of а considered feature of woe’ specie 
MMC or LMC and the geometric tolerance for that material 
condition See Figures 5:14, 515,517, and 5-10. 


Figure 2-2 Related and Unrelated Actual Minimum Material Envelope From Figure 3-1 


n 


Section 4 
Fundamental Rules, Tolerancing Defaults, and Dimensioning 
Practices 


А FUNDAMENTAL RULES 


Dimensloningand tolerancingshall clearly define eng- 
neering Intent and shall conform to the following: 

(а) Each feature «Вай be toleranced. Tolerances may 
be applied directly o size dimensions. Tolerances shall 
be applied using feature control frames when feature 
definitionis basic. Tolerances may also be indicated by a 
note ar located in a supplementary block of the drawing. 
format. See ASME ¥14.1 and ASME YIAIM. Those 
dimensionsspecificallyidentifiedasrefere 
вее, maximum, minimum, or stock (commercial 
Stock sie) do not require the application of a tolerance. 

(0) Dimenstoningandtnleraneingshall be complete so 
there ШІ understanding of the characteristics of each 
feature. Values may be expressed in an engineering 
drawing or in a CAD product definition data set. See 
ASME Y14441. Neither scaling (measuring directly from 
an engineering drawing graphics sheet) nor assumption 
of a distance or size is permitted, except im 
undimensioned drawings, such as loft, printed wiring. 
templates, and master layouts prepared өп заме 
material, provided the necessary control dimensions are 
specified, Model data shall be queried when dimensions 
are not displayed oo the model. 

(6) Each necessary dimension of an end product shall 
be shown or defined by model data No more dimensions 
than those necessary for complete definition shall be 
given. The use of reference dimensions on a drawing 
Should be minimized. 

(4) Dimensions shall be selected and arranged to suit 
ње function and mating relationship of a part and shall 
not be subject to more than one interpretation. 

0) The drawing should define a part without specifying 
manufacturing methods Thus only the diameter of a holes 
ven without indicating whether I to be dried, reamed, 
punched. or made by another operation. However, n those 
Instances where manufacturing processing quality 
assurance, or environmental iforma-ton 5 esenti o the 
definition al engineering requre-ment, the information 
shall ње specified on the drawing or in а document 
referenced un the drawing, 

(0 Nonmandatory processing dimensions shall be 
Ientifledbyanappropriatenote,suchas 
NONMANDATORY (MFG DATA). Examples of nonmanda- 


п 


tory data are processing dimensions that proide for finish 
allowance, shrink allowance, and other requirements, 
provided ie ial dimensions are piven on the drawing 

(8) Dimensions should be arranged to provide 
required information for optimum readability. 

(0) Dimensions in orthographic views should be 
shown in true profile views and refer to visible outlines. 
When dimensions are shown in models, the dimensions 
‘shal be applied in a manner that shows the tue value. 

0) Wires, cables, sheets, rods, and other materials 
manufactured to gag or code numbers shall be specified 
by linear dimensions indicating the diameter or 
thickness. Gage or code numbers may be shown in 
parentheses following the dimension. 

(9 An implied 90 angl shall apply where center lines 
and lines depicting features are shown on orthographic 
Views at right andes and no ange is specified, For Infor- 
‘mation on applicable tolerances for implied 90" angles, 
see para 5113. 

(0) An implied 90° basic angle shall apply where 
center lines of features or surfaces shown at right anges 
топ an orthographic view are located or defined by basic 
(dimensions and no angle is specified. For information on 
appli cable tolerances for implied 90° basie angles, see 
para 51.14. 

(0 А zero basic dimension shall apply where axes, 
cente planes, or surfaces are shown coincident on ortho- 


distance is basic when queried model distances are zero. 

and geometric tolerances establish the relationship 
applicable 

tolerances for zero basic dimensions, sce para 5.1 

(т) UOS, ll dimensions and tolerances are applicable 
at 20°C (68°F) im accordance with ASME 809.62. 
Compensation may be made for measurements made at 
other temperatures. 

(n) UOS, эй dimensions and tolerances apply ina free 
эме condition For exceptions to this rule, see subsection 
72. 

(о) UOS all tolerances and datum features apply for 
fll depth length. and width of the feature. 

{p} Dimensions and tlerances apply only at the drawing 
level where they are specified. A dimension specified fora. 
gren feature on one level of drawing (eg. э detail 


drawing) is not mandatory far that feature at any other 
level (eg, an assembly drawing). 

(4) UOS by а drawing/model note or reference to a 
separate document, the asdesigned dimension value 
does not establish a functional or manufacturing target 

(0 Where а coordinate system is shown on the ortho- 
graphic views or In the model, И shall be right-handed 
DOS. Each axis shall be labeled and the positive diction 
‘shown 
NOTE Where a model cordate systems shows onthe 
rang hal be in complance with ASME VERA, 

(5) UOS, elements of a surface include surface texture 
and Naws (ер. burrs and scratches). All elements of 3 
surface Вай be within the applicable specified tolerance 
zone boundaries. 


42 UNITS OF MEASURE 


For uniformity, all dimensions illustrated im this 
‘Standard эге given in St units UOS. However, Ве unit of 
measure selected should be in accordance with the policy 
ofthe user, 


4.2.1 SI (Metric) Linear Units 


“The SI linear unit commonly used on engineering 
drawings в the millimeter. 


4220.5. Customary Linear Units 


тһе, Customary linear unit commonly used oneng- 
neering drawings в the decimal inch. 


423 Identification of Linear Units 


On drawings where all dimensions are in millimeters 
‘or all dimensions are in inches Individual Identification 
‘of linea units is not required. However, the drawing shall 
‘contain a note stating UNLESS OTHERWISE 
SPECIFIED, ALL DIMENSIONS ARE IN 
MILLIMETERS (or IN INCHES, as applicable. 


424 Combination Si (Metric) and US. 
Customary Linear Units 


Where some inch dimensions are shown on a milli 
meterdimensioned drawing the abbreviation IN shall 
follow the inch values. Where some millimeter 
“dimensions are shown on an inch dimensioned drawing, 
the abbreviation "mm" shall follow the millimeter values 


4.2.5 Angular Units 


Angular dimensions are expressed in degrees: degrees 
and decimal parts of a degre: or degrees, minutes, and 
seconds. These dimension units are expressed by the 
Following symbols: 


(9 seconds" 

Where degrees are indicated alone, the numerical 
value shall be followed by the symbol. Where values less 
than 1° are specified in minutes or seconds, the number 
о! minutes or seconds shall be preceded by 0° or 0°0', as 
applicable. See Figure 4-1. Where decimal values less 
Са 1 are specified ero shall prea the decima 


4.3 TYPES OF DIMENSIONING 


Decimal dimensioning shall be used on drawings 
except where certain commercial commodities are 
identified by standardized nominal size designations, 
suchas pipe and lumber sizes. 


4.1 Millimeter Dimensioning 


Thefollowingshallbeobserved when specifying milli- 
meter dimensions: 

(а) Where the dimension is less than 1mm, a zero 
shal precede the decimal point See Figure4-2. 

(6) Where the dimension is a whole number neither 
the decimal point nor a ero shal be shown. See Figure 4- 
x 


(6) Where the dimension exceeds a whole number by a 
decimal fraction of 1 mm, te ast digit to the right ofthe 
decimal point shall not be followed by a zero, See Figure 
= 


NOTE Ti practice dier or tolerances expressed ler 
Sri nti Sr para 10] and SL 

(4) Neither commas nor spaces shall be used о sepa: 
тие digis imo groups in specifying millimeter 
dimensions on drawings. 


4.3.2 Decimal Inch Dimensioning 


‘Thefollowingshall be observed when specifying 
decimal inch dimensions on drawings: 

(а) A zero shall not beused before the decimal point 
for Vales es than in. Se Figure 4-3. 

(0) A dimension shall be expressed to the same 
number of decimal places as Its tolerance. Zeros are 
ей to the right of the decimal point where necessary. 
See para 512 and Figure 43, 


433 Decimal Points 


Decimal points shall be uniform, dense, and large 
‘enough to be clearly visible and meet reproduction re- 
quirements. Decimal points are placed іп line with the 
Bottom of the associated digit. 


434 Default for Conversion and Rounding 
of Linear Units 


VOS, conversion and rounding of US. Customary linear 
units are in accordance with EEE/ASTM S1 10. 


44 APPLICATION OF DIMENSIONS 


Dimensions may be applied by means of dimension 
lines, extension lines, chain lines, notes, or leaders from 
dimensions. Dimensions may also be applied through 
specifications directed to the appropriate features or 
contained in а digital data st See Figure 4-4. Notes may. 
be used to convey additional information. For further 
information on dimension lines, extension lines, chain 
lines, leaders, and digital product definition data 
practices, see ASME Y14.2 and ASME YI441. 

NOTE. Figures іш Section 4 showing application ul dimension. 
же ми Intended а be complet drawings an state» 
темом concept ded by the tea ом ке. 
лиле ош жом ed 


4.4.4 Dimension Lines. 


A dimension line, with its arrowheads, shows the direc- 
tion and extent of a dimension. Numerals indicate the 
number. of units of a measurement Dimension lines 
Should be broken for insertion of numeral as shown in 
Figure 4-4. Where horizontal dimension lines are not 
broken, numerals may be placed above and parallel to the 
dimension lines. 


NOTE. The following чый ми be usd a» dimension Hine a 
‘ae ie an entension е. 3 punta une. a oe ht ar 
Sf e sie af e abet. оға continuo uf му of these 
б. A dimension ie t not ted а an enters іше pt 
lere а ИН method Coord menu wd 
"ode curved unes Se Pre 433. 


4.41.1 Alignment Dimension lines should be aligned 
and grouped for uniform appearance See Figure 4-5. 
44.1 Spacing. Dimension lines are drawn paralel to 


Mines should be not less than 6 тип. See Figure 4-6. 


NOTE These spacings are ltd раде only. the drawing 
тена the pro requirements f he pd sry oF 
"чишу reproduction specification. nancontormaner to these 
pxinerequrements к ти bt ection othe drawing 

Where there are several parallel dimension lines, the 
numerals should be staggered for easter reading, See 
Figure 47, 

4.4.1.3 Angle Dimensions. The dimension line ofan 
angle is an are drawn with ts center at the apex of the 
angle The dimension {ine may terminate with one arrow- 
hend and a dimension origin symbol, as shown in Figure 
Al or with two arrowheads, as shown in Figure 44. 

44.4.4 Crossing Dimension Lines. Crossingdimen- 
sion lines should be avoided Where crossing dimension 
lines is unavoidable, the dimension lines shall be. 
unbroken. 


4.4.2 Extension (Projection) Lines 


Extension lines are used to indicate the extension of a 
surface or point по a location preferably outside the part 
sti. See para. 443. On orthographic views, extension 
les start with a short Visible gap from the outline of the 
part and extend beyond the cutermos related dimension 
le. See Figure 46. Extension Ines are drawn perpendi 
cular to dimension ines Where прасе в тей, extension 
nes may be drawn at an oblique angle to dearly trate 
where they apply. Where clique extension lines are used, 
(ве dimension ines shall be shown in the direction in which 
hey apply. See Figure 4 

4421 Crossing Extension Lines Wherever 
practical, extension lines should neither cross one 
another nor cross dimension lines, To minimize such. 
crossing, the shortest dimension line ts shown nearest 
"he outline of the object Se Figure 4-7. Where extension 
lines mustcrossotherextension lines, dimension ines, or 
lines depicting features, they эге not to be broken. Where. 
extension lines cross arrowheads or dimension lines 
close to arrow-heads, a break in the extension line is 
permissible. Sce Figure 4-9. 

442.2 Locating Points or Intersections. When a 
point Is located by extension lines only, the extension. 
lines from surfaces should pass through the point or 
Intersection. See Figure 4-10. 


4.4.3 Limited Length or Area Indication 


Where itis desired to indicate that a ited length or 
area of a surface їз to receive additional treatment or 
Consideration within limits specified on the drowing the 
‘extent of these limits may be Indicated by use of a chain. 
line. See Figure 4-11. 


443.1 Chain Lines. In an appropriate orthographic 
view or section, a chain line is drawn parallel to the 
surface profile at a short distance from IL Dimensions are 
added for length and location. If applied taa surface of 
‘evolution the indication may be shown on one side only. 
See Figure 4-11, illustration (a). Ina model, supplemental 
geometry may be used to indicate a limited area. An 
emire feature ін indicated in a model by attaching the 
‘notation to the feature. See ASME Y14.41. 


4.422 Omitting Chain Line Dimensions Ifthe 
cain line clearly indicates the location and extent of the 
Surface area, dimensions may be omitted. See Figure 4- 
TL illustration (b) 

4433 Area Indication Identification. Where the 
desired area is shown on a direct view f the surface, the 
‘area is section lined within the chain line boundary and 
appropriately dimensioned. See Figure 4-11, lustra ion. 
©. 


44 Leaders (Leader Lines) 


A leader is used to direct dimension, note, or symbol 
to the intended place оп the drawing Normally, leader 
In an orthographic view terminates іп an arrowhead. 
However, when It is Intended for a leader to refer to a 
‘surface by ending within не outline of that surface, the 
leader shall terminate in a dot. A leader should be an 
Inclined straight line except for a short horizontal portan 
‘estending to the midheightof the first or last character of 
the note or dimension. Two or more leaders o adjacent 
areas on the drawing should be drawn parallel o cach 
‘other. See Figure 4-12. Leaders Ina model terminate ina 
‘dot where the leader contacts a surface. Where the leader 
terminates оп the edge of a feature such as a hole, the 

leader terminates with an arrowhead, See ASME YIAAL 
4441 LeaderDirected Dimensions. Leader. 
directed dimensions are specified individually to avoid 
complicated leaders, See Figure 4-13. When too many 
leaders would impair the legibility of the drawing, letters 
ould be used o identify features. See Pure 


444 Circle and Arc. When a leader ts directed to 
‘ele or an ar, its direction should be radial. See Figure 
+5 


44.5 Roading Direction. 

Reading direction forthe specifications paras. 4451 
through 4.45.5 apply with regard to the orientation of 
the drawing graphs sheet For placement in models, see 
ASMEYIASL 

44.5.1 Notos Notes should be placed to read fromthe 
bottom ofthe drawing 

4.452 Dimensions. Dimensions shown with dimen- 
sionlines and arrowheads on orthographic views should 
be placed to read from the bottom of the drawing, See 
Figure 4-16. 

4453 Base Line Dimensoning. ase line 
dimensions should be shown aligned to their extension 
lines and read from the bottom or right side of the 
drawing See Figure 4-48. 

44.5.4 Feature Control Frames. Feature control 
frames should be placed to read from the bottom of the 
drawing, 

4455 Datum Feature Symbols. Datum festure 
symbols should be placed to read from the bottom ofthe 
drawing, 


4.4.6 Reference Dimensions. 
The method for identifying a reference dimension (ог 


reference daa] on drawings Is из enclose the dimension 
(or data) within parentheses. See Figures 4-17 and 4-18. 


5 


44:7 Overall Dimensions 


When an overall dimension is specified, one inter- 
mediate dimension is omitted or identified as a reference 
dimension See Figure 4-17. When the intermediate 
dimensions are more important than the overall dimen 
sion, the overall dimension, И used, is identified as a 
reference dimension See Figure 4-18. 


4.4.8 Dimensioning Within the Outline of a View 


Dimensions are usually placed outside the outline of a 
view. Where directness of application provides clarity, or 
where extension lines or leader lines would be 
‘excessively long, dimensions may be placed within the 
Outline ofa view. 


4.4.9 Dimensions Not to Scale 


Agreement should exist between the pictorial presen- 
‘ation of a feature and its defining dimension. When a 
Change а feature is made, the following, as applicable, 
Shall be observed: 

(а) Where the sole authority for the product definition 
ls a hard-copy original drawing graphics sheet and It 
not feasible to update the view of the feature, the out 
scale defining dimension shall be underlined with a 
Straight thick Jine. Where а basic dimension symbol Is 
‘used the ine shall be placed beneath the symbol. 

(0) Where the sole authority forthe product definition 
sa model (digital) referto ASME Y1441. 


4.5 DIMENSIONING FEATURES 


Various characteristics and features require unique 
methods of dimensioning, 


4.5.1 Diameters 


The diameter symbol shall precede all diameter values. 
Where the diameters of a number of concentric 
cylindrical features are specified in orthographic views, 
Such diameters should be dimensioned in a longitudinal 
view. See Figure 4-19. Where the diameter ofa spherical 
feature ts specified the value is preceded by the spherical 
diameter symbol. Diameter dimensions in a model may 
be attached by leader. Soe ASME ИНАТ. 


4.52 Radil 


Each radhes value shall be preceded by the appropriate 
radius symbol See Figure 4-20. A radius dimension ine uses 
one arrowhead, м the arc end ofthe dimension ln. An 
Arrowhead is never used at the radius center. Wher 

location of the center В important and space permits, a 
¿dimension ine may be drawn from the radius center with 
the arrowhead touching the are and the dimension placed 


arrowhead between the radius center and the are, И may 
be placed outside the are with a leader. Where the center 
ofa radius is not dimensionally located. the center shall 
not be indicated. See Figure 4-20. 

452.1 Conter of Radius Where a dimension is gen 
to the center of a radius, a small cross should be drawn at 
the center. Extension lines and dimension lines shall be 
used to locate the center. See Figure 4-21. Where location 
of the conter ls unimportant, the drawing shall clearly 
show that the are location is controlled by other dimen- 
sioned features such as tangent surfaces. See Figure 4-22. 

4,522 Foreshortened Radii. Where the center of 
тийи» is outside the drawing or interferes with another 
View on a drawing graphies sheet, the radius dimension 
Іше may be foreshortened See Figure 4-23. The portion 
of the dimension line extending from the arrowhead is 
‘dal relative to the ar. Where the radius dimension line 
1а foreshortened and the center is located by coordinate 
dimensions, thedimensionlinelocatingthecente 
risalsoforeshortened.Dimensionlines may not 
ото when dime origa mode Se ASME 
Ma. 


4,523 True Radius On an orthographic view, where 
aridi н dimensioned in a view that oes not show the 
true shape of the radius, "TRUE Is added before or afier 
the radius dimension. See Figure 4-24. This practice is 
applicable to other foreshortened features in addition to 
radi, See Figure 7-29, This practice is not applicable to 
dimensions applied on a model. ее ASME YL41. 


4524 Multiple Radii. When a part has a number of 
ridi of the same dimension, a note may be used instead 
of dimensioning each radius separately. 

4.5.2.5 Spherical Radii. When a spherical surface is 
dimensioned by a radius, the radius dimension shall be 
preceded by the symbol SR. See Figure 4-25. 


4,53 Chords and Arcs 


In Figure 4-26. 
4,54 Rounded Ends and Slotted Holes 


Features having rounded ends, icing slotted holes, 
should be dimensioned using one of the methods shown in 
Figure 427. For fully rounded ends, the radit are indicated. 
but nat dimensioned. For features with partially rounded 
ends the radi ae dimensioned. See Figure 4-28. 


4.5.5 Rounded Corners. 


Where comers are rounded, dimensions define the 
edis, and the ares are tangent See Figure 4-29. 


4.5.5 Outlines Consisting of Arcs. 


A curved outline composed of two or more arcs may be 
dimensioned by giving the radii of all arcs and locating 
the necessary centers with coordinate dimensions. Other 
‘adi are located on the basis of their points of tangency.. 
See Figure 4-20, 


457 Irregular Outlines 


Irregular outlines may be dimensioned as shown in 
Figures 4-31 and 4-32. Circular or noncicular outlines 
may be dimensioned by the rectangular coordinate 
method or Ше offset method. See Figure 431. 
Coordinates are dimensioned from base lines. Where 
‘many coordinates эге required to define an outline, the 
Vertical and horizontal coordinate dimensions may be 
tabulated. as in Figure 4:32. The outline may also be 
defined by mathematical formula ог digital daa. 


458 Grid System 


Curved pieces that represent patterns may be defined 
by aid system with numbered grid lines. 


4.5.9 Symmetrical Outlines 


‘Symmetrical outlines maybe dimensioned on one ide 
ofthe center line of symmetry when using a drowing 
рэрмез sheet Soch sth case when due o the siae of 
{he par or space imitations, ony part of ute can 
be conveniently shown. See Figure 433, Half of the 
ouine ofthe symmetrical shape sahen andaymmeby 
пу applying symbols or par symmetry tothe 
center iine: See ASMEYIS.2, 


4.5.10 Round Holes 


Round holes are dimensioned as shown in Figure 4-34, 
Mitis not clear that a hole goes through, the abbreviation 
“THF follows dimension Where multiple features are 
involved, additional clarification may be required. The 
depth dimension of a blind hole is the depth of the ІШІ 
diameter from the outer surface of the part. Where the. 
depth dimension is not clear, as from a curved surface, 
the depth should be dimensioned using dimension and. 
extension lines rather than notation. For methode of 
specidying blind hoes, see Figure 434, 


4.5.11 Counterbored Holes 


Counterbore holes may be кресі as shown in Figure 
4:35.and where applicable Па radius may be specified. 
Where contra the counterbored depth в required, тау 
be specified using depth dimension flowing the depth 
symbol Where the thickness ofthe remaining mat-ral has 
significance, ths thidmess (rather than the depth) в. 
dimensione. For hoes having more than one counterbore, 
Sec Figure 4-36. The relationship ofthe counterbore 


and the holeshallbe specified. See Figures 10-25 through 
1027, 


4.5.12 Countersunk and Counterdrilled Holes 


For countersunk holes the diameter and included ange of 
the countersink are specified. Other methods of spec ying a 


dimension is the depth of the ful diameter of the 
‘unter rom the outer surface и the part 


Where aholeis chamfered or countersunk on a curved 
surface, the diameter specified applies at the minor 
ameter of the chamfer or countersink See Figure 4-38. 


4.5.14 Spotfacos 


Where the diameter of a spotface is specified the depth 
‘or the remaining thickness of material may be specified. 
If по depth or remaining thickness of material is 
Specified. the spotace is the minimum depth necessary to 
lean up the surface to the specified diameter. Where 
applicable, a fillet radius may be indicated for the 
Spotface The spotface diameter is the distance across the 
Паг and does not include any ie that may be specified. 
In some cases, such as with a through hole, a notation 
may be necessary to indicate the surface o be spotfaced. 
‘See Figure 439. А spotface may be specified by a note 
and need not be shown pictorally. 


4.545 Machining Centers 


When machining centers are to remain on the finished 
part, Uis is indicated by a note or dimensioned on the 
drawing See ASME BATIN. 


4.5.16 Chamfers 


Chafers are dimensioned by a linear dimension and 
n angle or by two linear dimensions. See Figures 4-40 
through 4-43. When an angle and a linear dimension are 
‘specified the linear dimension is the distance from the 
Indicated surface of the part to the start of the chamfer. 
See Figure 440. 

4.516 Chamfera Specified by Note. A sote may be 
иней to specify 45" chamfers оп perpendicular surfaces See 
Faure 4-41. This method в used only with 457 lum fers as 
‘the linear value apples їп ether direction. 

45162 Round Holes. Where the edge of a round 
ден chamfered, the practice of para. 45161 should be 
followed, escept where the chamfer diameter requires 


” 


dimensional control See Figure 4-42 This type of control 
тау also be applied to the chamfer diameter on а shaft. 


4.5763 Nonperpendicular intersecting Surfaces. 
‘Two acceptable methods of dimensioning chamfors for 
surfaces intersecting at other than ight angles are shown, 
in Figure 443. 


4547 Keyseats 


Keysets are dimensioned by width, depth, location, and, 
И“ require, length The depth may be dimensioned fom the 
opposite sde of the shaft or hole See Figure 4-44, 


4.5.18 Knurling 


Knurling is specified in terms of type, pitch, and 
diameter before and alter knuling Where control is not 
required, the diameter after knuring is omitted. Where 
only a portion of a feature requires knuriing, the location 
and length ofthe Клий shall be specified See Figure 4-45. 


4.5.18.1 Knurling for Press РИ. Where knurling is 
required to provide press it between parts, a note that 
specifies the type of кои. its pitch, the toleranced 
diameter of the feature before knurling and the 
‘minimum acceptable diameter after knurlin shall be 
included. Where needed, the maximum diameter after 
knurling may also be specified. See Figure 4-46. 


4.5282 Knurling Standard. For information on inch 
киш, see ASME 194.6. 


4.5.19 Rod and Tubing Details 


Rods and tubing should be defined in three coordinate 
directions and toleranced using prometne tolerances, 
They may be dimensioned by specifying the straight 
lengths, bend radi, angles of bend, and anges of twist for 
all portions of each feature. In orthographic views, this 
‘may be done by means of auxiliary views, tabulation, or 
supplementary data. Ina mode, the true geometry may. 
бе шей to define the shape. 


4520 Screw Threa 


Methods of specifying and dimensioning screw threads 
эге covered in ASME VIA 


4521 Surface Texture 
Methods of specifying surface texture requirements 

are covered In ASME YI4.36M, For additional 

Information see ASME B461. 

4.5.22 nvolute Splines 


Methods ofspecifyinginvolutespline requirements are 
‘covered in the ANSI B92 series of standards. 


4.5.23 Castings, Forgings, and Molded Parts 


Methods of specifying requirements peculiar to cast- 
Imp. forgings, and molded parts are covered in ASME 
үйі. 


4.8 LOCATION OF FEATURES 


Nectangular coordinate ог polar coordinate 
(dimensions locate features with respect to one another, 
and as а group or individually from a datum, а datum 
reference frame, or an origin. The features that establish 
this datum, datum reference frame, ог origin shall be 
identified. For tolerances on location, see Sections 10, 
11,and 12, Round holes o other features of symmetrical 
contour may be located by specifying distances, or 
distances and direc-ions to the feature centers from à 
datum, a datum reference frame, or an origin. 


4.6.1 Rectangular Coordinate Dimensioning 


Where rectangular coordinate dimensioning s used to 
locate features, linear dimensions specify distances in. 
coordinate directions from two or three mutually perpen- 
dicular planes, See Figure 4-47. Coordinate dimensioning 
‘hal clearly indicate which features of the part establish 
these planes, For methods to accomplish this using danm 
features, зев Figures 7-2 and 7-14. 


4.62 Ractangular Coordinate Dimensioning 
Without Dimension Lines 


On orthographic views, dimensions may be shown on 
extension lines without the use of dimension lines or 
arrowheads. The base lines are indicated as zero coordi 
Totes, See Figure 4-40. 


483 Tabular Dimensioning 


Tabular dimensioning is a type of rectangular coordi- 
nate dimensioning іп which dimensions from mutually 
perpendicular planes are listed in а table on the drawing 
Father than on the pictorial delineation. See Figure 4-49. 
‘Tables тау be prepared in any suitable manner that 
adequately locates the features. 


464 Polar Coordinate Dimensioning 


When polar coordinate dimensioning is used to locate 
feature, a linear dimension and an angular dimension 
specify a distance from a fed point at an angular 
direcion from two ог throe mutually perpendicular 
planes The fixed points the intersection of these planes. 
See Figure 4-50. 


4.8.5 Repetitive Features or Dimensions 


Repetitive features or dimensions may be specified by 
the use of an “Х in conjunction with a numeral w 
Indicate the number of places required, See Figures 4-51 
and 4.52. Where used with a basie dimension the "X 
тыу be placed either inside or outside the basic 
dimension frame. No space s used between ће number 
‘of occurrences and the "ХА space Is used between the 
“and the dimension. See Figures 7-46 and 10-17, 

4.6.5.1 Seriesand Patterns. Features, such as holes 
and slots, that are repeated ina seres ог pattern may be 
specified by giving the required number of features and 
an °X followed by the size dimension of the feature, A 
‘space is used between the “С and the dimension. See 
Figures 451 and 4-52. 

45:52 Spacing. Equal spacing of features ina series 
ог pattern may be specified by giving the required 
‘numberof spaces and an "X. followed by the applicable 
dimension. A space is used between the "X" and the 
dimension. See Figure 4-52. When it ls difficult to 
distinguish between the dimension and the number of 
spaces, as in Figure 4-52, Illustration (a), one space may. 
Be dimensioned and Wentted a reference. 


4.6.6 Use of"X' to Indicate "By" 
An X moy be used to indicate "by between coordina 
dimensions as shown in Figure 4-41, In such cases the "X" 
shal be preceded and lowed by one character space- 

NOTE Whe the practices described in puras, 465 and 4 ме 


‘Sed ont same rang оше sal be an о ensure tha 
по eg 1s er 


Figure 4-3 Decimal Inch Dimensions 
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Figure. 44 Application of Dimensions Figure 45 Grouping of mensions 
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iure 413 Leader-rected Dimensions 


Figure 4-11 Limited Length or Area indication 


Figure 4-15 Leader Directions. 
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Figure 4-17 Intermediate Reference Dimension 
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‘igure 4:18 Overall Reference Dimension 
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Figure 426 Dimensioning Arcs and Chords 
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Figure 440 Chamfers. 
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Figure 4-41 45° Chamfor 
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Figure 4-47 Rectangular Coordinate Dimensioning 
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Section 5 
Tolerancing, Interpretation of Limits, Limits of Size, and Material 


Condition Modifiers 


GENERAL 


‘This Section establishes practices for expressing toler- 
ances on linear and angular dimensions, applicability of 
material condition modifiers on geometric tolerance 
vales, о өтетің ішін ad 
NOTE M a model is wed a die the tolerance of a part see 
ASME VIAL for iaa! Б, 


А Application 


‘Tolerances may beexpressed as follows: 

(о) as direct limits or as tolerance values applied 
directly to a dimension: see subsection 5.2 

(0) asa geometric tolerance, as described in Sections 
through 12 

(©) Ina note or table referring to specifie dimensions 

(d as specified in other documents referenced on the 
drawing for specific features or processes 

(e) in a general tolerance block or general note refer- 
rinig to sil dimensions on a drawing for which tolerances 
аге not otherwise specified 

5.1.1.1 Positional Tolerancing Method. Tolerances 
on dimensions that locate features of size are specified by 
the positional tolerancing method described in Section 
10, In certain cases, such as locating Irregular shaped 
features, the profile tolerancing method described 
Section 11 should be used. 


5.1.12 Basic Dimensions asi dimensions shal be 
Indicated on the orthographic views or in the model in 
‘one ofthe following ways: 

(a) applyingthe basic dimension symbol to each basic 
dimension See Figure 10-1. Illustrations (a) and (Ы). 

(b) specifying on the drawing (or in a document refer- 
encedomthedrawingageneralnotesucha 
A"UNTOLERANCED DIMENSIONSARE BASIC” See Figure 
10-1, iustration (c). 
NOTE When using this method pomis nern is ast 
‘Mowe vias general tolerance Block or pote 

(с) implied basiedimensionsof 0" and 90". See paras. 
алба 410). 


4) speityingandaueryingbasicdimensionson 
das e тај 

51.1.3 Tolerances for implied 90* Angles Where 
on implied 907 age applies, he applicable tolerance 
the same a for all other angular features shown on Ше 
field of the drawing governed by general angular 
tolerance notes or general tolerance block values. Par the 
{al regarding implied 90" anges, see para 4.1 

S114 Tolerances lor imped’ oro" Basie Angle, 
Where an implied 90" or 0 basic ange applies, the a 
plicable tolerances) are provided by а feature conta 
Frame or note that governs е location, orienton 
prole or runout ot features For rules regarding implied 
So" or basie angles see paras. 4.10%) and 410) 


Limits and directly applied tolerance values for 
features of size may be specified using one of the 
following methods: 

(а) Limit Dimenstoning. The high limit (maximum 
value) is placed above the low limit (minimum valut 
When expressed in a single line, the low limit precedes 
те high limit and a dash separates the two values, See 
Рале. 

(в) Plus and Minus Tolerancing. The dimension is given 
first, followed by а plus and minus expression of. 
tolerance. See Figure 5:2. 

c] Geometric Tolerances Directly Applied to Features. 
See Sections В through 12. 


521 Metric Limits and Fits 


For metric application of limits and fits, the tolerance 
maybe indicated by a basic sae and tolerance symbol as 
їп Figure 53. The term “basic size” when used in regard 

nits and fits, is defined as the size to which limits or 
deviations are assigned. See ANSI BA for complete 
{formation оп this system. 


5.3 TOLERANCE EXPRESSION 


‘The number of decimal places shown in tolerance 
expressions shall be as explained in pras 53.1 through 
533. For unilateral and bilateral tolerances, the plus 
Value shall be placed above he minus value. 


5.3.1 Millimeter Tolerances 


Where millimeter dimensions are used on drawings. 
the following apply: 

(а) Where unilateral tolerancing is used and either the 
plus oF minus value з 0, a single zero shall be shown 
Without a plus or minus sign. 


PETI 


o 

32 о 

(0) Where bilateral tolerancing is used, both the plus 

and minus values shall have the same number of decimal 

places, using zeros where necessary. The dimension. 

Value of 32 s not required to have the same number of. 
decimal places as the tolerance values, 


This No Ti 
-025 025 
32 сола 3 
(с) Where limit dimensioning is used and either the 
maximum or minimum valve has dipts following a 
decimal point, the other value shall have zeros added for 
‘uniformity. 


Tie Not Tis 
2545 2545 
2500 25 


(0) Where basie dimensions are used, associated toler- 
ances contain the number of decimal places necessary for 
the required level of precision. The basic dimension value 
observes the practices of para. 43.1. 


Коса 70009] 
53.21nchTolrances 


Where Inch dimensions are used on a drawing the 
followingapply: 

(а) Where unilateral tnlerancing is used and ether the 
plus or minus value is O, its dimension shall be expressed 
With the same number of decimal places, and the O value 
shall have the opposite sig of the nonzero value. 


~ 


э Nor This 
006 
so 008 Ё D 


0) Where bilateral tolerancing is used, both the plus 
and minus values and the dimension value of 500 shall 
have the same number of decimal places, using zeros 
where necessary 

T 
500 - 005 


хити 
502 005 


(с) Where limit dimensioning is used and either the 
ттт or minimum value has dipis following a 
decimal point the other value shall have zeros added or. 
uniformity. 


LS 
лю 25 
E] 748 


4) Where base dimensions are used, associated toler- 
ances shal сина the number o decimal places веса ау 
forthe required level ol precision. There is по requirement 
forthe banc dimension value to be expressed with the rame. 
‘numberof decimal places as he tolerance 


EL. КА 
^ к 
[SEO] [FOIE] 

5.3.3 Angle Tolerances 
Where angle dimensions are used, both the plus and 


minus values and the angle have the same number of 
decimal places. Values ess than 1" shall include a leading 


This хаты 
PUNTI жез 
25-030 жез 


5.4 INTERPRETATION OF LIMITS 


All dimensional limit valves are absolute Dimensional 
mit values, regardless of the number of decimal places, 
are used as f they were continued with zeros, 


122 там 1220.0 
120 тм 1200.0 
1201 псам 12010. 0 


Plated or Coated Parts 


Where a partis to be plated or coated, the drawing or 
referenced document shall specify whether the dimen- 
sions apply before or after plating. Typical examples of 
moles are the following: 

[o] DIMENSIONAL LIMITS APPLY AFTER PLATING. 

0) DIMENSIONAL LIMITS APPLY BEFORE PLATING. 
NOTE Por processes other than lating substrate he appro- 
rte trn 


5 SINGLE LIMIT TOLERANCED DIMENSIONS 
MIN or MAX shall be placed after a dimension when 
‘other elements of the design determine the other unspe- 
fied limit Single limit tolerances on dimensions may be 
used where the Intent із cler, and the unspecified limit 
‘an be zero or approach infinity without resulting in a 
‘condition detrimental to the design. Examples of where 

e limit tolerance dimensions may be used include 
depths of holes, lengths of threads, comer radil, and 
charters. 


8 TOLERANCE ACCUMULATION 
BETWEEN SURFACES 


Tolerance acumulan between surfaces can асаған a 
result of datum selection. profe. tolerances apphed по 
Feature, and datum feature references in the prole uer- 
этек See мү» 5-4 and 5-5. The use of prof trance 
Tor locion of surfaces В the preferred pracice and can 
тии tlerance accumulation without regard to how the 
basie location dimensions are applied. In ће сме al an 
Uundimensoned model al queries for bas values shoul be 
made in relation о the datums refer -enced in the applicable 
feature control frames  Pümar  fesure-urfesture 
relationships as shown іп Figures 5- 

4 and 5-5, where neither is a referenced datum feature, 
do not establish a requirement unless a feature-relating 
tolerance Is applied. For Information about tolerance 
‘accumulation related to directly applied tolerances, see 
Mandatory Appendix L 


5.7 DIMENSIONS RELATED TO AN ORIGIN 


Im certain cases, t i necessary to indicate thst a dimen- 
‘som between two Features shall originate from one of the 
{wo features and not the other. One method that may be 
шей to accomplish this в to apply the dimension origin 
Symbol Where he dimension origin symbol apple. the 
gh points of the surface Indicated a the origin define а 
plane for measurement. The dimensions rebated to the rim 
эге taken from the point, plane, or axis and define a oe. 
Within which the other features shal Be. In Figure 5-6, the 
dimension origin symbol indicates that the dimension 
originates from the plane established by the shorter surface 
and dimensional limits apply to the 


other surface. Without this Indication. the longer surface 
could have been selected as the origin, thus permitting a 
емет angular variation between surfaces. The dimen- 
sion origin symbol by itself does not establish form 
control on the origin surface. Form and orientation toler- 
ances may be required for fit and funcion. 


NOTE. Application of the dimension, origa aya dues һи 
Pis шит een rame ж desc In Son 7. 


5.8 UMITS OF SIZE 


OS, the lis of siae o an individual regular feature af 
so define the extent f allowable variation f geometric 
form, as well as ше. The actual local sue of an Indiv 
feature al ше shal be within the specie lis se 


54.1 Rule #1: The Envelope Principle 
(Variations of Form) 

The form of an individual regular feature of size ir 
controlled by ts limits of size o the extent prescribed in. 
(a) through (e) below and illustrated in Figure 5-7. 

(а) The surface ог surfaces of a regular feature of size 
stall not extend beyond an envelope that в a boundary of. 
perfect format MMC. This boundary is the tre geometric 
form represented by the drawing views or model. No. 
elements of the produced surface shall violate this 
boundary unless the requirement for perfect form at 
ММС has been removed. There эге several methods of. 
overriding Rule #1 that are covered in paras. 582,543, 
R413, BAZ, and RS. 

(0) Where the actual local stne of regular feature o sire 
has departed from ММС toward LMC. a local variation in 
{orm allowed equal іе amount ol such departure 

(c) There is по default requirement for a boundary of 
perfect form at LMC, but а requirement may be invoked. 
as explained in (а). Thus, a regular feature of size 
produced at Из LMC limit of size в permitted to vary 
rom true form to the maximum variation allowed by the 
boundary of perfect form at MMC. 

(4) When a geometric tolerance is specified to apply at 
MC, perfect form at LMC is required and there Is no 
requirement for perfect form at MMC. See para 1035 
and Figure SA. 

(е) Where а portion of a regular feature of size has a 
localized area(s) that do not contain opposed ponts, the 
actual value of an individual distance st any cross section. 
between the unrelated AME to a point on the surface may 
not violate the LMC limit See Figure 5-9. 


5.8.2 Form Control Does Not Apply 
(Exceptions to Rule #1) 


The control of geometric form prescribed by limits of 
size does not apply tothe following: 


(а) items identified as stock, such as bars, sheets, 
tubing structural shapes, and other items produced to. 
established industry or government standards that 
prescribe limits for straightness, flatness, and other 
сотен characteristics, Unless geometric tolerances 
are specified on the drawing of a part made from these 
lems, standards for these items govern the surfaces that 
‘remain inthe as-furnished condition on the finished part 


(0) tolerances applied with the tree state modifier. 

(0 wen form tolerances of офи or Auen ме 
an oa feature ot Se paras RAJ and OA 

fd) when the “independency” symbol is шей ее 
igure aná para 32% 


(е) when average diameter is specified. See subsection 
as 


5.8.3 Relationship Between Individual Features 


Limits of size do not contol the orientation or location 
relationship between individual features. Features shown. 
perpendicular, aa, ør symmetrical w each other shall 
be adequately toleranced for location and orientation to 
avoid Incomplete product requirements. The necessary 
tolerances should be specified using the methods given in 
Sections 9 through 12 If it is necessary 10 establish a 
boundary of perfect form at MMC to control the relation. 
¡hp eee features, one ofthe folowing methods shal 

(а) Specify а zero tolerance of orientation at MMC. 
Including a datum reference (at MMB И applicable, to 
control angularity, perpendicularity, or parallelism of the 
feature. See para 34. 

(0) Specify a zero positional tolerance at MMC, 
trading speed datum reference (at ММВИ pp 
cable), to control coaxial or symmetrical features. See 
paras, 10622 and 107.1. 

0 India thie contr for the features involved by э 
mote wich as "PERFECT ORIENTATION (or COAXIALITY or 
LOCATION OF SYMMETRICAL FEATURES) AT MMC 
REQUIRED FOR RELATED FEATURES." 


5.8.4 Limits of Size and Continuous Features. 
of Size 


Thenote "CONTINUOUS FEATURE or the “CF symbol 
shall be used to identify a group of two or more features 
of size when there is a requirement that they be treated 
‘geometrically as an Individual feature of size. See Figures 
5-11 through 513 and 10-49. Continuous feature 
application to nonsize features i explained іп para 
6328. 


59 APPLICABILITY OF MODIFIERS ON 
GEOMETRIC TOLERANCE VALUES 
AND DATUM FEATURE REFERENCES 


RES MMC. or LMC applies to each geometric tolerance 
value applied on а feature of size. See Figure 6-25, RMB, 
MMB, or LMB applies to cach datum feature reference. 


5.9.1 Rule #2: RFS AND RMB DEFAULT 


RES is the default condition for geometric tolerance 
values. TheMMCorLMCmateral condition modifier may 
be applied to a geometric tolerance value o override the 
RES default. ВМВ is the default condition for datum. 
feature references. The ММВ or LMB material boundary. 
modifier may be applied to a datum feature reference to 
override the RMB default. 


NOTE: оным runs total runout orientation, tolerances 
яде ha э sr pri a pre a suc rc 
ШТ у. and Сурау солын ће modid о ариу at ММС ur 
ше 


5.9.2 Surface Method Default for Geometric 
‘Tolerances Modified at MMC or LMC 


When there are form deviations on the feature, the 
deviation in terms of the feature axis or feature center 
plane may not be equivalent to the deviation of the 
Surface limited by a VC boundary. Soe Figures 10-6 and 
107 The surface method shall take precedence when the 
tolerances are applied at MMC or LMC. See para. 
1022.) The surface method is not applicable when 
tolerances are applied RFS. 


593 Effect of RFS 


When a geometric tolerance is applied on an RFS basis, 
the specified tolerance is independent of the size of the 
considered feature of size. А tolerance, other than form, 
applied RES on a feature of size establishes а tolerance 
толе that controls the center рони, axis, or center plane 
оГ the unrelated AME. A form tolerance applied RFS on 3 
feature of size establishes a tolerance zone that controls 
the derived median plane or derived median line. The 
tolerance is limited to the specified value regardless of 
the site of the unrelated AME. 


5.9.4 Effectof MMC 


When a geometric tlerancs в applied on an MMC bass 
the allowable variation в dependent on the specified 
geometr tolerance and the departure of the considered 
feature from the MMC size. The specified tolerance estab- 
lies the allowable variation when the produced feature в. 
at the ММС Май of str. Additional variation н available 
When the produced feature departs from MMC There are 
wo methods fer determining the amount of additional 
tolerance permitted. They are the surface method and 


Ше axis method. See para 592 regarding risks 
associated with the аз method. 

59.4: Explanation of the Surface Method. Whena 

geometric tolerance is applied on an MMC basis, the 
Features surface shall not violate the VC boundary. While 
maintaining the specified size limits of the feature, no 
element of the surface shall violate the VC boundary. 
‘Additional varation is available when the produced 
feature departs from MMC. The maximum geometric 
variation is permitted when the produced feature is at 
LMC and has perfect form. See Figure 10-8. 
NOTE When а geometrie tolerance ppd МИС ret ina 
opte VC (ey when а 22:25 era ature of шше has à 
Poston tolerance ul, te VE is -LA the arce tr ptas 
"lon doe по app 


5942 Explanation of the Axis Method, When an 
orientation or postion tolerance в applied on an MMC basis. 
he feature’s ati, center plane, or center point shall көс 
inate the tolerance зове The tolerance available is Ihe 
specie value И the unrelated АМЕ i at the ММС им of 
e See Figure 10-9. When the siae of he unrelated AME of 
the feature departs from MMC the tler ance zone increases 

increase їп the tolerante one в equal t the difference 
between the species! MMC мм of де and the unrelated 
AME эе. The resulting tolerance one i equal to the stated 
коте tolerance plus the additional eranc. See para. 
10331 and Figure 10-10. The tal permissible aration in 
he specified geometric character i numum when 
unrelated АМЕ o he feature yaf LMC, unless a maximum 
МАКС) spedfied in the feature control rame. 


3.5 Effect of Zero Tolerance at MMC 


When a feature of зіне has a geometric tolerance. 
applied on an MMC basis and the function of the 
toleranced feature allows, the entire combined effects of 
size tolerance and geometric tolerance may be assigned 
asa size tolerance with the geometric tolerance of zero 
MMC applied. Where a zem geometric tolerance 
applied on an ММС basis, the allowable variation is 
‘entirely dependent on the departure of the produced 
feature from MMC. Variation is only permissible И the 
produced feature is not at the MMC limit of size. There 
are two methods for determining the amount of tolerance. 
permitted. They are the surface method and the aus 
method. See para. 53.2 regarding risks associated with 
the ass method. 

5.9.5.1 Explanation of the Surface Method. Whena 
geometric tolerance is applied оп а zero tolerance on an. 
MMC basis, the features surface shall not violate the VC 
boundary that is equal to the MMC size. The tolerance 
available is zero И the produced feature is at the ММС 
limitof size. When the feature of size departs from MMC. 
additional geometric variation is permitted. The. 


‘maximum geometric variation is permitted when the 
produced навит is at LMC and has perfect form. 
5352 Explanation of the Axis Method. Where an 
Orientation or position tolerance is applied on a zero 
tolerance on an MMC basis, the feature's axis, center 
lane or center point shall ot violae the tolerance zone. 
No tolerance is allowed И the feature is produced at it 
MMClimitofsize Where the size of the unrelated AME of 
the feature departs from MMC, the tolerance zone 
increases. The Increase in the tolerance zone в equal to. 
the difference between the specified MMC limit of site 
and the unrelated АМЕ size. The permissible variation is 
maximum when the unrelated AME of the feature is at 
AC, unless a maximum (MAX) is specified іп the. 
feature control frame. See Figures 9-14 and 915. 


53.6 EffectofLMC. 


When a geometric tolerance is applied on an LMC 
basis, the allowable variation is dependent om the 
specified geometric tolerance and the departure of the 
considered feature from the LMC size. The specified 
tolerance is only applicable when the produced feature Is 
atthe LMClimitot size. Additional tolerance is avala 
the produced feature departs from LMC. There are wo. 
methods for determining the amount of additional 
tolerance permitted. They are the surface method and the 
ans method. See para. 5.2 regarding risks associated 
‘with the ais method. 

5.9.6.1 Explanation ofthe Surface Method. Whena 
geometric tolerance is applied on an LMC basis, the 
Features surface shall not violate the VC boundary, While 
maintaining the specified size limits of the feature, no 
element of the surface shall violate the VC boundary. 
When a festure of size departs rom LMC, additional 
geometric. variation is permitted. The maximum 
geometric variation is permitted when the produced. 
feature в at MMC. 
NOTE When а реми toleran әңгі и LMC results na 
териме ҮС (eg. when э 20-25 extern ture of se has а 
ritis tolerance of the VC 700) the sre ера 
po 


5342 Explanation of the Axis Method. When an 
orientation or poston tolerance is applied оп an LMC basis, 
the (ените axis, center plane, or center point shall not 
‘late the tolerance эое. The tolerance available В the 
Specified value И the unrelated actual minimum material 
envelope iat the LMC liit of se. When the ане of the 
геше acra minimum material envelope of the feature 
departs from LMC, the tolerance zone increases, The 
increase in the tolerance sone i equal to the difference. 
Between the specified LMC iit of size and the unrated 
cual minimum material envelope sur The resulting 
tolerance mone ls equal to the stated peometri tolerance 
phus the addtional eranc. See Figures 10-15 


and 10-17. The total permissible variation for the 
Specified geometric characteristic ts maximum when the 
unrelated actual minimum material envelope of the 
feature isat MMC unless maximum ("MAN is special 
Inthe feature control frame. 


5.9.7 Effect of Zero Tolerance at LMC 


When a feature of size has a geometric tolerance 
applied on an LMC basis and Ше function of the 
toleranced feature allows, the entre combined effets of. 
«ие tolerance and geometric tolerance may be assigned. 
s a size tolerance withthe geometric tolerance of zero at 
LMCapplied. Where zero geometric tolerance is applied. 
оп an LMC basis, the allowable variation is entirely 
dependent on the departure of the produced feature rom 
LMC. Geometrie tolerance is only available if the 
produced feature is not at the LMC mit of size. There are 
{wo methods for determining the amount of tolerance 
permitted. They are the surface method and the axis 
method, See para. 5.9.2 regarding risks associated with 
the ais method. 

5.9.7.1 Explanation of the Surface Method. Whena 
geometric tolerance is applied on а zero tolerance on an 
LMC basis, the feature's surface shall not violate the ҮС 
"boundary that is equal to the LMC size. Тһе tolerance 
available s zero И the produced feature is at the LMC 
limi of size. When the feature of size departs from LMC. 
additional geometric variation is permitted. The 
maximum geometric variation is permitted when the 
produced feature я at MMC and has perfect form. 

5972 Explanation of the Axis Method. When an 
опей or postion tolerance в applied ө a er е. 
ance on an LMC basis, the feture's anis, center plane, or 
center point shall not violate the tolerance zone. No toler- 
эсе is allowed the feature н produced tts LMC en of 
е When the sae o the unrelated actual minimum mate- 
Tl envelope of the considered feature departs from LMC, 
Фе tolerance sone Increases The increase In the tolerance 
one в equal to the difference between the specified LMC 
limit of sz and the unrelated actual minimum material 
envelope sie. See Figure 10-15. The total permasble 
Variation for the specified geometrie characteristic в. 
maximum when the unrelated actual minimum material 
envelope of the feature в at MMC, unless a maximum 
MAT.) is specified in the feature contol frame. 


5.10 SCREW THREADS 


UOS, each tolerance of orientation or postion and each 
dotum reference specified for a screw thread apples to the 
Pitch cylinder экв. When an exception ta this practice is- 
осталу the specie feature of the screw thread [such as 
"MAJOR DIA” өг "MINOR DI) shall be stated beneath or 
_ajacentto the feature contra frame or beneath or зар cent 
to the datum feature symbol as applicable See Figure 


1036 Forthread features, see ASME ВІ. and ASME 
визи. 


511 GEARS AND SPLINES 


Exch tolerance of orientation or postion and each 
datum reference specified for features other than screw. 
threads, such as gears and splines, shall designate the 
specific feature of the pear or spline to which each app 
(Such as "MAJOR DIA” “PITCH DIA” or "MINOR DIA”). 
This information should be stated beneath the feature 
control frame or beneath or adjacent to the datum 
feature symbol, as applicable. 


512 BOUNDARY CONDITIONS 


Depending on ls function, a feature of size is 
comralled by ls size and any applicable geometric 
tolerances. А material condition (RFS, MMC, or LMC) may 
also be applicable. Consideration shall be given to the 
collective effects of MMC and applicable tolerances in 
determining the clearance between parts (fixed or 
Поз fastener formula) and im establishing page 
feature sizes. Consideration shall be given to the 
collective effects of LMC and applicable tolerances in 
determining guaranteed area of contact, thin wall 
‘conservation and alignment hole location in establishing 
‘ge feature sizes. Consideration shall be given to the 
collective effects of RFS and any applicable tolerances in 
determining guaranteed contol of the feature center 
point, auis, derived median line, center plane, or derived 
‘median plane See Figures 5-14 through 5-19. 


5.13 ANGULAR SURFACES 


When an angular surface is defined by combination of 
a directly toleranced linear dimension and an angular 
“dimension, the surface shall be within а tolerance zone 
represented by two nonparalle planes, See Figure 5-20. 
The tolerance zone widens as the distance from the apex 
of the ange increases. Where a tolerance zone with 
parallel boundaries is desired angularly ог profi 

tolerance should be used, Se Figure 9-1 and Sections 9 

[n 


5.14 CONICAL TAPERS 


Conical tapers include the category of standard machine 
tapers used throughout the цр Industry, білгін э 
‘American Standard Selling and Step Taper series See 
ASME RS 10. American Standard machine tapers are usually 
dimensioned and toleranced by зресбуац the taper name 
and number. See Figure 5-21, шыгат 

(0) The diameter at the gage line and the length may also 
be specified. The taper, in inches per foot, and the 
diameter of the small end may be shown as reference. A 
conical taper may also be specified by one of the 
following methods: 


(0) a basctaperand a base diameter (see Figure 5-22) 

(b) asizetolerancecombined witha profileofa 
surface alerance applied to the taper (see para. 1142) 

(c) a toleranced diameter at both ends of a taper and a 
toleranced length [see Figure 5-21, illustration (а) 
NOTE The method decribed in (i above в aplicable ве 
nica tapera, uch as the transition between бшмеу ofa 
Кој 

(0) a composite profile tolerance 

Conical taper is the rato of the difference іп the 
diameters of two sections (perpendicular to the axis) of a 
‘cone w the distance between these sections. 

“Thus, taper = (D -dJ/Lin the following diagram: 


IH 


Thesymbol fora conical taper lı 


hownin Figure 5-22 
5.15 FLAT TAPERS 


Апи taper may be specified by toleranced slope and 
э toleranced heit a one end. Se Figure 523. Заре. 
may be species inclino oa race expressed 
жа ratio of фе diference im е ено at cach end 
(above and at п angles o a base Іле to ве distance 
Between tose hes 

"Thus ope (И Ву nthe following dra 


пра 
YE 
Theta ра. 


5.16 RADIUS. 


When a radius is specified, the details in paras- 5.16.1 
and 5.16.2 shall apply. 


5.16.1 Directly Toleranced Radius. 


When a radius symbol Ris specified, a tolerance zone 
bounded by two ares is created (the minimum and 
maximum radi). The part surface shall be within this 
‘zone. When the center of the radius is located via dimen- 
чю), the ares are concentric, When the center of the 
radius 15 not located (tangent located). the arcs are 
tangent to the adjacent surfaces and create a crescent- 
shaped tolerance zone. See Figure 5-24. 


5:162 Controlled Radius Tolerance 


When a controled radius 6 specified, a tolerance zone 
‘bounded by two ares в created (the minimum and maximum. 
radi) The part surface shal be within this tolerance zone 
And shall be a fair curve without reversals. Additionally. radi 
taken at al points on the part contour shall be neither 
smaller than the specified minimum oit nor larger than the. 
‘maximum Umi. See Figure 5-25. When the center of the 
тайз в located via dimensions) he эга are concentric. 
When the center ofthe radius & not located (tangent 
located), the arcs эге tangent to the adjacent surfaces and 
«чие э crescent-shaped tolerance zone, 


NOTE I is recommended thatthe corral radius any be 
‘Se Ө ко mein и cried y a rera nol, company or 
Пете standard or another geri secc. Tis 
Прим swe dee the hts awe peret, 
2 shoud herded оп the drawing annotated model, of 
ote the das a 


5.17 TANGENT PLANE 


When it is desired to control a tangent plane 
established һу the contacting points of a surface, the 
tangent plane symbol shall be added in the feature 
‘control frame after the stated tolerance, See Figures 9-17 
and 9:18. Where irregularities on the surface caus 
tangent plane to be unstable (1.e, t rocks) when brought 
mo contact with the corresponding toleranced feature, 
see para 7.11.2 and ASMEYIA ЗАМ. 


518 STATISTICAL TOLERANCING 


When itis the cholce ofthe design activity to use statis- 
tical tolerancing it may be indicated in the following 
manner. See Figures 5-26 through 5-28, 

(а) A mote such as the following shali be placed onthe 
ПЕРА IDENTIFICO MIT 
MIT НЕ STATISTICALLY TOLERANCED 
SHALL” BE PRODUCED ИН STATISTICAL 
PROCESS CONTROLS. Soo Figure 5-26. 

(0) When is necessary to designate both the statistical 


ems and the arthmet lent where the dimension has 
pessilty of being produced without statistical process 
Control (SPC) mote such as the following hal be placed on 
the drawing FEATURES IDENTIFIED 
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Figure 53 indicating Symbols for Metric Limits and Fits 


Figure 54 Tolerance Accumulation: One Datum Reference Frame. 
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Ваше 5: Extreme Variations of Form Allowed by а Geometric Tolerance — Perfect Form at LMC 
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Figure 5-16 ner and Outer Boundaries Using the RFS Concept — internal Feature 
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iure 5-19 inner and Outer Condition Boundaries Using the RFS Concept — External Feature 
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iura 5:20 Tolerancing an Angular Surface Using a Combination of Linear and Angular Dimensions 
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Figure 5-21 Specifying Tapers 
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А GENERAL 


This Section establishes the symbols, notes, and other 
dimensional requirements used in engineering data It 
also establishes how the symbols are indicated in engi- 
neering data. 


62 USE OF NOTES TO SUPPLEMENT SYMBOLS 


Situations may are in which the desired geometrie re- 
virements cannot be completely conveyed by symbalgy In. 
uch сие, a note should ће used to describe. the 
Fequirement her separately or to supplement a prometne 
symbol See Figures 9-16 and 1054. 


6.3 SYMBOL CONSTRUCTION 


Information related to the construction, form, and 
proportion of Individual symbols described herein is 
contained in Nonmandatory Appendix C. Symbols shall be 
of sufficient clarity to meet the legibility and reprodu- 
lity requirements of ASME Y14.2. 


8.3.1 Geometric Characteristic Symbols 


Thesymbolicmeans of indicating geometric character 
istics are shown In Figure 6-1. 


3.2 Datum Feature Symbol 


{except 1, 0, and Q) shall be used as datum feature 
Мети letters Each datum feature fa part requiring. 
identification shall be assigned а different letter. When 
шит features requiring ели яка un 3 drawing are so 
‘numerous as to exhaust the удава seres the double- 
alpha seres (АА through AZ BA through RI et) shall be 
ей and enclosed in a rectangular rame. Where tbe sime 
dotum feature symbol is repeated to ету Ве same 
feature in ther locations of a drawing t need not be 
lente as reference. The triangle f the datum feature 
symbol may be applied to the feature surface, surface 
tine, extension line, dimension line. or feature contr 
frame as дека in paras 6321 


246322 The datum feature symbol shall not be 
Applied to center lines, center planes, oF axes, 

6.321 Datum Feature Symbol Application in 
Orthographic Views. The datum feature symbol may be 

(a) placed on the outline ofa feature surface. 

(0) placed өп an extension line of the feature outline 
clearly separated from the dimension line, when the 
"dam feature is the surface sel 

(С) placed on a leader line directed to the surface. 
When the datum feature is hidden, the leader line may be 
shown as a dashed line. See Figure 63. 

d) paced on the dimension lie or an extension of the 
dimension line of a feature of size when the datum is an 
axis or center plane here is insufficient space forthe 
(ез arrows, one arrow may be replaced by the datum. 
feature triangle. See Figure 6-4, Illustrations (а) through 
(©). (0. and (h): Figure 7-40; and Figure 7-42, Шон. 
tations (c) and (4). 

(e) placed on the outline ofa cylindrical feature surface 
ran extension line of the feature outline, separated from. 
the size dimension, when the datum is an axis. For curved 
features the triangle may be tangent to the feature. See 
Figure 6-4, Mlustratios (e) and (д). 

(0 placed оп the horizontal portion of a dimension 
leader ine for the size dimension See Figure 6-4, Ilustra- 
чөп (d); Figures 7-32 and 7-33: and Figure 7-42. ilustra- 
tions (a) and (b). 

(à) placed above or below and attached to the feature 
control frame. Sce para. 6416 and Figures 6-5 and 6-28. 

(h)placedon chain line that indicates а parta datum. 
feature See Figure 7-28. 

(0) atached to a profile tolerance that is applicable vo 
more than one surface, thus Identifying the surfaces ax 
acting together to establish one datum. See Figure 6-6. 

6.322 Datum Feature Symbol Application on 
Models. See ASME Y1441 for additional information 
regarding datum feature symbol application on models. 
The datum feature symbol may be 

(a) placed om the feature surface. 

(h) placed on a leader line directed tothe surface. See 
Figure 6-3. 

c) placed on the dimension line or an extension of the 
dimension line of a feature of size when the datum is an 
ans or cemer plane. If there is Insufficient space for the 
ко arrows, one arrow may be replaced by the datum 


feature triangle See Figure 6-4, illustration I) Figure 7- 
and Figure 7-42, illustrations (c) and (4). 

(0) placed on the outline of a cylindrical feature 
surface or an extension line of the feature outline, 
separated from the sie dimension, when the datum is an 
ав. For curved features, the tangle may be tangent to 
the feature, See Figure 6-4, lustratons 0) and (07 

(e) placed оп the horizontal portion of a dimension 
leider line or the size dimension See Figure 6-4, lustra 
ion (K and Figure 7-42, Illustrations (a) and (b). 

(П placed above ог below and attached to the feature 
control frame. See para 64.6 and Figures 6-5 and 6-28. 

(0) attached by leader or placed onan indicated 
partial datum feature. See Figure 728. 

(0) attached to a profile tolerance that is applicable to 
more than one surface, thus Identifying the surfaces as 
acting together o establish one datum. 


6.3.3 symbology for Datum Targets 

63.3.1 Datum Target Symbol. The symbolic means 
of indicating а datum target shall be a circle divided 
horizon aly пш halves, The lower half contains a letter 
ident ng е associated datum, followed by the пр 
number assigned sequentially, starting 1 for each 
datum. See Figure 6-7, The symbol should be placed 
outside the part outline, А radial ine attached lo he 
symbol shall be directed to a target point, target line. 
target area, ог other geometry, ax applicable, In 
orthographic views, a sold radial ine Indicates that the 
datum tanget is оп the near (visible) view of the surface, 
ама dashed radial ine indicates that the datum target i 
‘on the far (hidden) surface. See Figur 7-58. In a mode, 
the leader is lays solid. Where datum tanget symbols 
эге used, the datum feature may also be identified with 
the datum feature symbol. Where the datum feature 
symbol в used In combination with datum targets. the 
Teter and numbers (separated by commas) Identifying 
the associated datum targets shall be shown near the 
datum feature symbol. See Figure 7-64. 


6.3.3.2 Datum Target Point Symbol. А dotum target 
point shall be indicated by the target point symbol. 
Where shown in orthographic views, the targets shall be 
dimensionally located in a direct view of the surface, or, 
Where there is no direct view, the point location зай be 
dimensioned on two adjacent views, See Figures 68 and 
7-60. In a model, the location shall be defined either by 
the application of dimensions or by the model geometry. 


8222 Datum Target Line Symbol. Where shown in 
orthographic views, э datum target lne shal be indicated by 
the datum target point symbol on an edge view ofthe 
surface, a phantom line on the direct view, or both with 
controling dimensions dded. Where shown in a model the 
‘datum target line в represented by a phantom іше and the 
location hal be defined ether by the appheatoe el 


dimensions or by the model geometry. See Figures 69 
and 7-60. 

6.3.3.4 Datum Target Area Symbol. Where datum 
target area is required, a target area of the desired өне 
and shape shall be specified. In an orthographic view, the 
datum target area shall be indicated by section lines 
inside a phantom outline of the desired shape, with 
controling dimensions added when the target area ls 
within a larger area and is large enough to be shown. The 
basic dimension of size and shape of the area shall be 
specified by direct application of dimen-sions, entered in 
the upper half of the datum target symbol, defined ina 
mote, or defined by the model. See Figure 6-10, 
illustration (a) and Figure 7-63. И there s not sufficient 
space within the upper halk the size and shape of the area 
тау be placed outside and connected by а leader i 
terminating with a dot inside the upper hal, Target area 
dimensions attached by leader line are treated as basic as 
M placed inside the circle unless directly toleranced as 
allowed by para 7.243. Soe Figure 6-7 and Figure 6-10, 
illustration (b). On a model target areas are shown with 
supplemental geometry. See ASME YHAAL See ASME 
АА for datum target tolerances. 


6.3.4 Basic Dimension Symbol 


The symbolic means of indicating a basic dimension 
shall be to enclose the dimension value in a rectangle as 
shown in Figure 6-11. 


6.3.5 Matorlal Condition/Boundary Symbols 

The symbolic means of indicating "at MMC or 
MME” and "и LMC or “at LMB shall be as shown 
Figures 6-12 and 74. 


6.3.6 Projected Tolerance Zone Symbol 


The symbolic means of indicating a projected tolerance 
zone shall be as shown in Figures 612, 10-22, and 10-23, 


6.3.7 Diameter and Radius Symbols. 


The symbols used to indicate diameter, spherical 
diameter, radius, spherical radius, and controlled radius 
shall be as shown in Figures 5-24, 5-25, and 6-12. These 
symbols shall precede the value of a dimension or 
tolerance givenas.a diameter or radius, as applicable. The 
symbol and the value shall not be separated by a spate. 


6.3.8 Reference Symbol 


The symbolic means of indicatinga dimension or other 
dimensional data as reference shall be to enclose the 
dimension (or dimensional data) within parentheses. See 
Figures 5-3 and 6-12. In writen notes, parentheses retain. 
their grammatical interpretation 105 When It Is 
necessary to define dimensions or dimensional data as 


reference in a note, the term "REFERENCE" or the abbre- 
Viation “REF shall be used. 


6.3.9 Arc Length Symbol 

The symbolic means of indicating that a dimension is 
an are length measured on a curved outline shall be as 
Shown in Figure 6-12. The symbol shall be placed above 
the dimension and applies to the surface nearest the 
dimension 


3,10 Statistical Tolerancing Symbol 


‘The symbolic means of Indicating tht a tolerance is 
based on statistical tolerancing shall be as shown in. 
Figure 6-12, И the tolerance is а statistical geometric 
tolerance, the symbol shall be placed in the feature 
control frame following the stated tolerance and any 
modifier. See Figure 6-13 If the tolerance а statistical 
size toler-ance, the symbol shall be placed adjacent to the 
site dimension. Se Figure 6-14. 


6.3.11 *Betwoen” Symbol 


The symbolic means of indicating that a tolerance or 
other specification apples across multiple features arto. 
а limited segment of a feature between designated 
extremities shall be as shown in Figures 6-12, 6-15, 11-й. 
and 11-9. The leader from the feature control frame shall 
һе directed to the portion of the feature to which that 
tolerance applies. In Figure 6-15, for example, the 
tolerance applies only between "Ст and “Н С and "HT 
тау be points, lines, or features. 


6.3.12 Counterbore Symbol 


The symbole means of indicating а counterbore shall be 
as shown in Figures 4-15 and 6-16. The symbol shall 
recede with по space, the dimension of the counterbore. 


6.3.13 Spotface Symbol 
Thesymbolic means ofindicating a spotface shall be as 

shown In Figures 4-39 and 6-16. The symbol shall 

precede, with по space, the dimension of the spotface. 


6.3.14 Countersink Symbol 


The symbolic means of indicating a countersink shall 
һе as shown in Figure 4-37 and 6-17. The symbol shall 
precede, with no space, the dimension ofthe countersink: 


6.3.15 Depth Symbol 


The symbolic means of indicating that a dimension 
applies to the depth of a feature shall bea depth symbol 
preceding the depth dimension, as shown in Figure 6-18. 
Nor space is shown between the symbol and the 


se 


6.3.16 Square Symbol 


The symbolic means of indicating that a single dimen- 
sion applies to а square shape shall e to precede that 
‘dimension with the square symbol as shown n Figures 
6-12 and 6-19. No space is shown between the symbol 
and the dimension valve. 


6.3.17 Dimension Origin Symbol 


The symbolic means of indicating that a toleranced 
dimension between two features originates from one of 
"ese features and not the other shall be as shown in 
Figures 3%, 6-12. and 6-20, 


6.3.18 Taper and Slope Symbols. 


The symbolic means of indicating taper and slope for 
conical and Пи tapers shall be as shown in Figures 5-22 
and 5-23. These symbols shall be shown with the vertical 
leg to the left. 


6.3.19°All Around" Symbol 


For orthographic views, the symbolic means of indi- 
cating that a profile tolerance or other specification 
applies to surfaces all around a feature or group of 
features, in the view specified, shall be a circle located at 
"he junction of the leader from the feature control frame. 
Жее Figures 6-12, 621, and 11-5. ln a model used to 
generate orthographic views, the “all around" symbol is 
used in combination with establishing associativity of 
the features and the feature control frame. See ASME 
vidt. 
6:3.20"Froo State" Symbol 

Where tolerances are defined as applicable in a 
restrained condition and an additional tolerance ін 
applied in the free state as defined in subsection 7.20, the 
symbolic means of indicating that the toleranced feature 
ог datum feature applies in its free state is shown in. 
Figures 6-12 and 622. When the symbol ік applied toa 
tolerance їп the feature control frame, it shall follow the 
stated tolerance and any modifier When the symbol is 
applied to a datum feature reference, It shall follow the 
лит feature reference and any modi Пе See Figures 7- 
50 and 7:51. When the symbol is applied to a directly 
toleranced dimension, i shall follow the dimension and. 
tolerance. 


6.3.21 Tangent Plane Symbol 


‘Thesymbolic means of indicating a tangent plane shall 
be as shown in Figure 6-12. Thesymbol shall be placed in 
the feature contra (rame following the stated tolerance 
as shown in Figures 9-17 and 9-18. Ано see subsections 
3472494. 


6:3.22"Unequally Disposed Profile Symbol 


‘The symbolic means of Indicating a unilateral or 
unequally disposed profile tolerance is shown in Figure 
5-12. The symbol shall be расед in the feature control 
frame following the tolerance value, as shown in Figures 
Tid through 11-4 and para 113.12. 


6.3.23“Continuous Feature" Symbol 


The symbole means (өс ему two or mare inter- 
rupted features or interrupted regular features о se asa 
sine feature or feature ol ше is shown in Fare 6-12 The 
°C" symbol shall be applied to a size dimension of an 
Interrupted regular feature ol siae, adjacent to a geometrie 
tolerance fran interrupted surface, or adjacent un a datum. 
Feature symbol apple о interrupted features When using 
‘the “ОҒ” symbol, the extension nes between the features 
may be shown or эттей, however, entension lines by 
themselves do nat indicate 

а CF, Seo Figures 5-11 through 5-13 and 10-32, and para. 
5.4, The number of surfaces (n) that are Included in the 
GF, such as "п SURFACES” may be added beside the "CF" 
symbol. 


6:3:24"Indopondency" Symbol 


Thesymbolic means for indicating that perfect form of 
ıa reglar feature of size at MMC or at LMC is not required 
is shown in Figure 6-12. The symbol shall be placed near 
"he appropriate dimension or notation. See para SAZ 
and Figure 5-10, 


8.3.28"АН Over" Symbol 


The symbolic means for Indicating that a profile toler- 
ance or other specification shali apply АП over he three- 
‘dimensional profile øf a part is shown in Figure 6-12. See 
Figures 6:21 and 11-10 and para 113.15. 


6.3.26 Datum Translation Symbol 


‘The symbolic means for indicating that a true 
geometric counterpart shall not be fied at из basic 
Tocation and shall be re to translate is shown in Figure 
(12. See Figures 7-21 and 7-19 and para 71610: 


6.3.27 "Movablo Datum Target" Symbol 


"The symbolic means of indicating that a datum target 
shall not be ead at Ив basic location and shall Be free to 
translate Is shown in Figure 6-23 See Figures 7-58 and 7- 
59 and para. 7.242. Orientation of the triangular pointer 
does not denote direcion of movement Iis aligned with 


ЕЈ 


6.3.28 Surface Texture Symbols 


For Information on the symbolic means of specifying 
surface texture, see ASME УЛАЗОМ. 


6.3.29 Symbols for Limits and Fits 


For information on the symbolic means of specifying 
metric limits and fits, see para 5.21. 


6.3.30 Datum Reference Frame Symbol 


The symbolic means for indicating а datum reference 
frame is shown in Figures 6-8 through 6-10, 7-1, and 7-2. 
The datum reference frame symbol shall consist of the X. 
Y, and Z coordinate labels applied to the axes of the 
dinum reference frame. 


63:31 Dynamic Profile Tolerance Zone Modifier 


The symbolic means for specifying the refinement of 
the form Independent of size of a considered feature that 
is controlled by a profile tolerance is shown In Figures 
12and 11-35 through 11-38. See subsection 11.10. 


6:3.32"From-To" Symbol 


The symbolic means to indicate that a specification 
transitions from one location to a second location ін 
shown in Figures 6-12 and 11-12. The leder from the 
feature control frame shall be directed о the portion of. 
the feature to which that tolerance apples. Figure 11-12, 
for example, shows three tolerance transitions that go 
from A to B, from B to C, and from Cto D. The "rom" and 
"to" locations may be points, ies, or features. 


6.4 FEATURE CONTROL FRAME SYMBOLS 


Geometric characteristic symbols, the tolerance value, 
modifiers, and dotum feature reference letters, where a 
plicable, are combined in a feature control frame 
‘express a grometrie tolerance. The symbols may also be 
‘used in drawing notes and engineering documentation. 


6.4.1 Feature Control Frame 


ach feature control frame а rectangle divided Into 
compartments and shall have 1 of the 12 grometrie char- 
acteristic symbols and a tolerance. Where applicable, the 
tolerance shall be preceded by the diameter or spherical 
diameter symbol and followed by a material condition 
modifier and any other modifier. Datum feature refer- 
ences shall also be included where applicable. See Figures 
624,72 and 104. 


6.4.2 Feature Control Frame Incorporating 
‘One Datum Feature Reference 


When a geometric tolerance is related to а datum, this 
relationship shall be indicated by елікті the datum 
feature reference letter in a compartment following the 


tolerance. Where applicable the datum feature reference 
letter shall be followed by a material boundary modifier. 
See Figure 6-25, 


4.3 Feature Control Frame Incorporating Two 
or Three Datum Feature References 


When more than ome datum feature reference is 
required, the datum feature reference letters (each 
followed by a material boundary modifier, where appli- 
cable) are entered In separate compartments in the 
desired order of precedence rom left to right See Figure 
6:26 Mustrations (6) and (с). Datum feature eer ence 
letters need not be in alphabetical onder іп the feature 
control frame. 


6.4.4 Composite Feature Control Frame 


A composite feature control frame contains а single 
somete characteristic symbol (position or profile) 
followed by two or more segments. each containing toler- 
ance and any required datum references, one above the 
"her. See Figure 6-27, Illustration (a) and paras. 105.1 
mum 


6.4.5 Multiple Single-Segment Feature 
Control Frames 


The symbolic means of representing multiple single- 
segment feature control frames shall have a geometric 
Symbol for eh segment as shown in Figure 62, ius- 
ation (b). Application of this control іс described in. 
para 1052. 


8 Combined Feature Control Frame and 
Datum Feature Symbol 


When a feature or pattern of features controlled by a 
geometric tolerance also serves as a datum feature the 
feature control frame and datum feature symbol may be 
combined. The datum feature symbol may be attached to 
the feature control frame. In the positional tolerance 
example in Figure 628, a feature is controlled for 
position in relation to datums A and B, and the controlled 
Feature а identified за datum feature С 


6.4.7 Feature Control Frame With a 
Projected Tolerance Zone 


When а positional or an orientation tolerances specie 
аа projected tolerance zone, the projected tolerance зове 
Symbol shali be placed in the feature control frame following 
the stated tolerance and any applicable material condition 
modifier. The dimension indicating the 


minimum projection of the tolerance zone shall follow 
the projected tolerance zone symbol except as follows. 
See Figures 6-29 and 1022. Where orthographic views 
эге used and it is necessary for clarification the projected 
tolerance zone shall be indicated with chain line and the 
minimum projection of the tolerance zone shall be speci- 
ein a drawing view. In this case, the projection dimen- 
sion indicating the minimum projection of the tolerance 
зове may be omitted from the feature control frame. See 
Figure 10:23. In a model, the projection direction is 
established as being on the side of the part where the 
tolerance specification leader terminates on the рап. 


6.5 FEATURE CONTROL FRAME PLACEMENT 


A feature control frame shall be related to a considered 
feature by one of the following methods and as depicted 
in Figure 6-30: 

(а) locating the frame below or beside a leader- 
directed note or dimension pertaining to the feature 

(0) attaching a leader from the frame pointing tothe 
feature oran extension line relating to the feature 

(c) attaching a side, comer, or end ofthe frame to an 
extension line rom the feature 

(4) attaching a side, comer, or end of the frame to an 
extension of the dimension ine pertaining to a feature of 

(e) placingth feature control frame ina note, chart, 
or the general tolerance block 

(0 attaching the feature control frame to another 
feature control frame that is placed according to one of 
the methods i (a) through (4) 


When the specified tolerance value represents the 
diameter of a cylindrical or spherical zone, the diameter 
‘or spherical diameter symbol shall precede the tolerance 
Value. When the tolerance zone ік other than cylindrical 
ог spherical, the diameter symbol or spherical diameter 
Symbol shali be omitted, and the specified tolerance value 
represents the full width of the tolerance zone and is 
applied as explained in Sections 7 through 12. In some 
Cases, the tolerance zone is nonuniform and shall Бе 
Specified as described in para 1132. 


8.7 TABULATED TOLERANCES 
Wien the tolerance in a fare control trame в обмяна 


Jeter representing the tolerance preceded by the деца 
TOL: shall be ешге a shown а Far 6-11. 
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Figure 6-6 Two Datum Features Establishing a Single Datum Plane 
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Figure 67 Datum Target Symbol Examples 
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Figure 6-8 Datum Target Point 


Figure 6-11 Basic Dimension Symbol Application. 
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Figure 643 indicating That the Specifed Tolerance ls a 
Statistical Geometric. Tolerance 
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Figure 6-14 Statistical Tolerance Symbol 
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Figure 620 Dimension Origin Symbol 
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iure 6:21 Application of Ай Over” and АА Around” 
Symbols 
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Figure 6:22 Feature Control Frame Wh "Free State” 
Symbol 
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Figure 623 Application of “Movable Datum Target 
symbol 
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Figure 6-24 Feature Control Frame 
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‘Figure 39 Feste Convoi Frame Pacement 
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Section 7 
Datum Reference Frames 


ТА GENERAL 


This Section establishes the principles of identifying 
features as datum features for the purpose of establishing 
relationships imposed by geometric tolerances and for 
constraining degrees of freedom. This Section also estab- 
shes the riera for establishing datums and the dtum 
reference frame using true geometric counterparts 
derived from datum features. 


7.2 DEGREES OF FREEDOM 


АН parts have six degrees of freedom, three transla- 
tional and three rotational, that may be constrained by 
datum feature references in a feature control fame. The 


termed u, v, and w See Figure 7-1 and Figure 72, Illus- 
trations (e), (d), and (e) 


NOTE ін the “Means hi" partian of some figures in thi 


‘The relationship between the primary datum feature 
and its true geometric counterpart constrains degrees of 
freedom: See Figure 7-3 for some examples of degrees of 
freedom constrained by primary datum features RMB. 
Although collection of features may be used to establish 
a singe datum, for simplicity, the chart in Figure 7-3 
IMustates only single datum features. The degrees of 
Freedom constrained depend on whether the datum 
feature ls referenced as a primary, a secondary, or a 
tertiary datum feature. See Figures 7-2, 7-9, and 7- 
The following primary datums are derived from the asso- 
‘ciated true geometric counterpart: 

(а) A planar datum feature (nominally Nat) establishes 
а true geometric counterpart that crestes а datum plane 
and constrains three of freedom (one transla- 
tional and two rotational}: See Figure 7-3, illustration (а). 

(0) A Width as а datum feature (two opposed parallel 
surfaces) establishes a true geometric counterpart that 
creates a datum center plane and constrains three 


reeset freedom (one translational and owo rotational). 
See Figure 7-3, Illustration (b). 

(c) A spherical datum feature establishes а true 
prometi counterpart that creates а datum center point 
And constrains three ‘of freedom (all transla 
бош) Sce Figure 7-3, illustration (©). 

(0 А cylindrical datum feature estables a true 


‘ro tata), See нт 7-3, Morton (д) 

(е) A conical-shaped datum feature establishes a true 
promete counerpn that raten a datum as and a 
diam point and constrains Ave degre of freedom 
білте изно and но rotational) See ire 7 
illustration (e). 

(D) The datum feature of the linca ere shape 
shown in Figure 7-3, illustration (f) establishes а true 
romeo counerpat tat rates a datum plane and 
"lum эм and constrains live degrees ог ево мо 
ташыш and Ure rotational) 

(а) The complex datum feature shown in Figure 7-3, 
rin (f) taschen a troe promete counter 
that creates a datum plane, а datum point, and a datum 
Os and constrains six degrees of room (uve 
адот nd re atom 


7.4 CONSTRAINING DEGREES OF FREEDOM 
OF APART 


Where datum features are referenced, the part Is 
constrained relative to the applicable true geometrie 
counterparts їп the specified order of precedence to 
tablish the datum reference frame. This establishes th 
‘ela-ionships that oust between the geometric tolerance 
лопез and the datum reference frame. See Figures 7-2 
and 7-4 through 7-6. True geometric counterparts are 
used to associate the datum features and the datums. 
“This constrains he motion (degrees of freedom) between. 
the part and the associated datum reference frame. 


NOTE The sequence af sabi a datum relerence Ките 
{fom datum шыт. and true желегі counterpart 
‘Scr in sten Тао absent tex. for rer, thu 
Pres и describ ж “sal a daum Flere lame 
‘Bom dum fears” 


7.5 TRUE GEOMETRIC COUNTERPART 


A vue geometric counterpart, as define in subsection 
346, shall be the inverse shape ofthe datum feature, UOS. 
‘See Figures 7-7 through 7-11, 


7,51 Types of True Geometric Counterparts 
A true geometric counterpart may be one ofthe 
following. 
(0) an MME 
(b) зима. 
(©) әтімейлмЕ 
(4) an unrelated АМЕ 
fe) a related actual minimum material envelope 
() an unrelated actual minimum material envelope 
00) a tangent plane 
(0) a datum ans) 
(0 a mathematically defined contour 


7.52 Requirements of True 
Geometric Counterparts 


True omer counterparts have the folowing 
requirements: 

(а) perfect form. 

(0) basic orientation relative w one another for all the 
datum references ina feature control frame. 

(0 base location relative tether true geometric са: 
terparts fr all ће datum references in a feature control 
frame, unless a translation mader or “movable datum. 
target” symbol specified. See Figures 7-6,7-12,and 7-38. 

(4) movable location when the translation modifier or 
the “movable datum taret symbol is specified. See 
Figures 7-12, 7:39, and 739. 

(e) fixed atthe designated size, when MMB oF LMB is 
specified 

(7) adjustable insize when the datum feature applies 
има. 


NOTE Some of the періге in (a) treu (1) above are 
чи pple when's estemied datum петок Ware в 
Speci 


TRUE GEOMETRIC COUNTERPARTS AND 
PHYSICAL DATUM FEATURE SIMULATORS. 


This Standard defines engineering spetiationsret-tve 
to theoretical datums established from true geometric 
‘counterpart. ln the practical application, measurements 
cannot be made from datums өг true geometric counter: 
Darts therefore, simulated datums are established using 
Physi datum feature simulatarz For example, machine 
{ables and surface plates though not true planes are of such 
‘quality that the planes derived fram them are used to 
‘abl the simulated datums fom which measure menti 
fare taken and dimensions verified. See Figure 7.7. Aba for 
example, ring and plug gages and mandrels though not true 
“lidera ae of such qualty that thee 


n 


экев are used эв simulated datums from which measure- 
ments are taken and dimensions verified, See Figures 7. 
and 7-9. When magnified surfaces of manufactured pars 
эге seen to have irregularities, contact is made with a 
тие geometric counterpart at а number of surface 
‘extremities or high points. The principles inthis Standard 
эге based on true geometric counterparts and do not take. 
ima account any tolerances or error in the physical 
datum feature simulators. Sce ASME 14.81. 

BOTE There are may ways to accompli the pacta apps m. 
(Ge datum laore mao For purpose a desig e 
расне секавам Standard ntt or eric ben 
the put andthe true маги counterpart, rather tan e 
ебе py ы slater sr. 


7.7 DATUM REFERENCE FRAME 


запек datum features or designated portions of these 
features are chosen to potion the part in relation to one or 
mare planes of the datum reference frame. This reference 
frame ests tn theory nly and at оп the part See iure 7- 
1. Therefore, it is neremary lo establish а method of 
simulating the theoretical reference frame from the actual 
features ol the part. In practice, the features are associated 
wah physical or mathematical elements that simula 
true geometric counterparts in a stated oder ol preced 
and Scoring to applicable modifiers. This constrains the 
applicable degrees of freedom between the part and 
Associate datum reference frame See Fgutes7-2,7-4,7°5, 
тазамын. 


7.7.1 Mutually Perpendicular Planos. 
The planes of the datum reference frame are simulated 


theo-etcal reference frame constitutes the боле 
ing system used for dimensioning and 
tolerancing. 


7.7.2 Number of Datum Reference Frames. 


а some cases, а single datum reference frame s suf 
оеш їп thers additional datum reference frames may be 
necessary when physical separation or the funcional ela: 
пор estres requires that dierent datum refer ene 
frames be applied In such cases each feature control frame 
shall contain the applicable datum feature references Any 
‘erence in the order o precedence or I the material 
boundary of any datum features reference in multiple 
feature control frames requires different datum simulation 
methods and, consequently, establishes а different datum 
‘ference fame See Врие 7-15. 


7.8 DATUM FEATURES 


A datum feature в selected on the basis of ts funcional 
relationship tothe toleranced feature and the requirements. 
ofthe design. See Figures 7 4.7.5.354 7-43 through 7.45 To 
ensure proper assembly, corresponding interfacing features 
of mating parts should be selected as datum features. 
However, a datum feature should be accessible en the part 
and of sullicient size о permit suse Datum features shall 
be readily discernible on the par. Therefore, in the case of 
symmetrical parts or parts with Mental features physical 
entiation of the datum feature on the part may be 
necessary 


7.8.1 Temporary and Permanent Datum Features. 


Features ofi process parts, such as castings, forgings 
machining, or fabrications, may be used as temporary 
‚datum features to create permanent datum features. Such 
temporary datum features may or may not be subse- 
quently removed by machining, Permanent datum 
features should be surfaces or diameters not appreciably 
changed by subsequent processing operations. 


7.8.2 Datum Feature identification 


Datum features are physical features identified on the 
drawing by means of a datum feature symbol, datum 
target symbol(s), or a note. See Figures 6-2 through 6-4. 


7.9 DATUM FEATURE CONTROLS 


Geometrie tolerances related 10 a datum reference 
frame do not take Ino account any variations іп form, 
orientation, or location of the datum features. Datum. 
features shall be controlled by applying appropriate 
‘geometric tolerances and/or by sie dimensions. To make 
It possible to calculate the true geometric counter part 
boundaries of each datum feature in a datum refer ence. 
Frame, a relationship between the datum features shall be 
specified. Tolerances applied that affect a datum feature 
or the relationship between datum features include the 
following 

(а) primary datum feature(s) size and form (see 
Figures 72 and 74) and/or the locaton between 
features ina pattern used to establish the primary dotum 
бее Figures 7-16 and 7-17). 

(0) secondary datum feature(s) size, orientation, and/ 
or location, as applicable, to 


datum, the locaton between features in the pattern and. 
the райета orientation, location, or both to a higher- 
precedence datum shall be applicable 

(9 tertiary datum feature(s) ste, orientation, and/or 
locaton to higherprecedence datums, as applicable (sec 
Figures 7-2 and 7-4); where a pattern of features serves to 
establish the tertiary datum. the location between features 


т 


п the pattern and the patterns orientation, location, ar 
both to higher precedence datums shall be aplicable: 


7.10 SPECIFYING DATUM FEATURES IN АМ 
ORDER OF PRECEDENCE 


Datum features shall be specified in an order of prece- 
dence to constrain а рай relative to the datum reference 
frame. The desired onder of precedence shall be indicated 
by entering. the appropriate datum feature reference 
letters, from left to right, їп the feature contro frame. 
Figure 7-2 illustrates a part where the datum features are 
planar surfaces. 


0.1 Development of a Datum Reference Frame 
for Parts With Planar Surface Datum 
Features 


The feature control frame in Figure 7-2 Шо the 
datum reference frame for the part shown in funcional 
assembly im Husraton (Ы), Figure 7:2 Mustratos the 
development of the datum reference frame along with 
ез ol freedom The datum features referenced in the 
feature control frame fully constrain the к degrees 


geometric counterpart зад a datum reference frame inthis 
manner ensures consistency їп meaning ог specified 
engen requirements See ure 7-1 

(о) In Figure 7-2, Illustration (a), datum feature D i 
relerenced as the primary datum feature, Where a 
Surface is specified as a datum feature, the high point(s) 
on the surface establish a datum plane. This primary 
datum feature contacts the true geometric counterpart on 
а minimum of three points (see para 7.11.2 for 
discussion on rocking or unstable datum features) In this. 
example, where the primary datum feature contacts the. 
rue geometric counterpart, three degrees of freedom. 
(one translational and two rotational) are constrained: 
‘tation about the X-axis (и) rotation about the Y-axis (v). 
And translation in the т direction, 


(0) Datum feature E is referenced as the secondary 


illustration (d) In this example, where the secondary 
datum feature contacts its true geometric counterpart, 
оно degrees of freedom (one translational and one rota- 
tional) are constrained: translation in the x direction and 
rotation about the Z-axis (и), 
(с) Datum feature Fis referenced as the tertiary datum 
feature. This datum feature contacts Из true geometric 
ata minimum of one point while the contacts 
established in (a) and (b) are maintained. See Figure 7-2, 
illustration (e). In this example, where the tertiary datum. 
feature contacts its true geometric counterpart, the 


remaining degree of freedom is constrained: translation 
in the y direction. 


7.102 Parts With Inclined Datum Features. 


Tor pars with inclined datum features as shown in 
Figure 7-13, а rue geometric counterpart plane is 
lend atthe bs inge a the datum каше The 
corresponding plane of the datum reference frame 
passes trough the vertex of the basic ange and Is 
Mutually perpendicular to the other two planes. 


7.40.3 Parts With Cylindrical Datum Features 


The datum of a cylindrical datum feature is the ais of 
the true geometric counterpart. This ais serves as the 
‘origin for relationships defined by geometric tolerances. 
‘See Figures 7-8, 7-9, and 7-14, A primary cylindrical 
datum feature is always associated with two theoretical 
planes intersecting at right anges on the datum aus. 
Depending оп the number of planes established by 
igher precedence datums, secondary and tertiary datum 
axes may establish zero, one, or two theoretical planes. 

7.10.3. Cylindrical Datum Feature. Figure 7-14 
iusarates a part with a cylindrical datum feature. 
Primary datum feature K relates the part to the first 
datum plane. Since secondary datum feature M is 
cylindrical. It is associated with two theoretical planes, 
the second and id in а thre-plane relationship. 

7.1032 Datum Axis and Two Planes. The wo 
Моника planes are represented on an orthographic 
Мен by center lines crossing at right angles, sin Figure 

Illustration (a). The Inersection of these planes. 

coincides with the datum ands. See Figure 7-14, 
Illustration (0) Once established, the datum axis becomes 
the origin or related dimensions. 

7.10.3.3 Orientation of Two Planes. No rotational 
‘constraint of the second and third planes of the datum 
reference frame in Figure 7-14 i specified as rotation of 
the pattern of holes about the datum axis has no effect on 
the function of the part In such caes, only the following 
two datum features are references in the feature control 
frame: 

(а) primary datum feature K. which establishes a 
datum plane 

(0) secondary datum feature M, whieh establishes a 
datum аа to datum plane K 


7.104 Constraining Rotational Degrees 
of Freedom. 


То constrain the rotational degree of freedom of two 
planes about a datum aus, a lower-precedence datum 
feature is referenced In the feature contol frame. See 
subsection 7.16. 


(a) Figure 7-4 illustrates the constraint of the rota- 
tional degree of freedom of the two planes intersting 
through the secondary datum feature В, established by 
the center plane of the tertiary datum feature С. Figure 7- 
5 illustrates the development of the datum reference 
frame for the positional tolerance of the three holes in 
Figure 7-4, 

(0) Figure 7-6 illustrates the constraint of the rota 
tional degree of freedom of the two planes intersecting 
through the secondary datum feature В. Constraint Is 
‘established by the tertiary datum feature С. 

(c) Figures 7-30 through 7-39 illustrate the constraint 
of the rotational degree of freedom af the two planes 
imersectng through datum feature A. Constraint Is 
tablished by datum feature в. 


7.11 ESTABLISHING DATUMS 


Paragraphs 711.1 through 7-11.17 define Ше criteria 
for establishing datums using the true geometric counter 
ports of datum features. 


7.41.1 Plane Surfaces as Datum Features 


Where a nominally Па surface is specified as а datum 
feature the corresponding true geometric counterpart iw 
plane contacting high points of that surface ее Figure 
7:7, The minimum number of points contacted by the. 
true geometric counterpart depends on whether the 
surface is a primary, a secondary, or a tertiary datum 
feature See para 7.10.1, 


7.11.2 Irregularitos on Datum Features Applicable 
RMB 


MW irregulares on a datum feature are such that the part 
is unstable (Le. od) when brought into contact with 
the corresponding true geometric counterpart, tho default 
requirement в thatthe part be adjusted to a single solution 
"bat minimies the separation between the feature and the 
true geometric counterpart per ASMEYIA5.1M. Ifa diferent 
procedure i desired (candidate datum set Chebyche, 

Squares, translational least squares, ete), A shall be 


преса 


7.11.3 Effect of Specified Material Boundary 
‘on Datum Feature References 


The boundary applicable о datum features referenced 
in a feature contol frame affects the relationship of the 
partt the datum reference frame. ЕМВ is implied when 
no modifier is shown. MMB or LMB modifiers may be 
applied to any datum feature reference, except where the 
Primary datum feature s planar. See Figures 7-19 and 7- 
ж 


7.11.4 Datum Features Applicable RMB 


When a datum feature or collection of datum features 
applies RMB in a feature contol frame, the true 
geometric counterpart geometry originates at the MMB 
And progresses proportionally threwgh the tolerance 
Zone to make maximum possible contact with the datum 
feature or collection of features. another Ming routine 
Is required it shall be stated on the drawing. 

As a practical example, a machine element that is vari- 
e (suchas a chuck, mandrel, vise, or centering device) 
is used as a physical datum feature simulator of the 
‚datum feature nd o establish the simulated datum. 

(a) Primary Datum ниме — Cyinder RMB The datum s 
the ans of the true geometric counterpart o the datum 
Feature. The true geometric counterpart (or озгеше AME) 
ls the smallest circumscribed (for an external feature) or 
largest inscribed (fr an internal feature) perfect cylinder 
that makes maximum possible contact with the datum 
Feature surface, See gure 7-3. Ulustration 

Figures 7-8 and 7-9. 
от Future — Width RMB. The datum в 


dtum feature. The true geometric counterpart (or unre- 
lated AME) is two parle planes at minimum separation 
(ог an external feature) or maximum separation (for an 
Internal feature) that make maximum posible contact with 
the coresponding surface ofthe datum feature. See Figure 


lated AME) & the smallest circumscribed (for an external 
енше) or largest титтей (for эп internal feature) perfect 
sphere that makes maximum possible contact with the 
dotum feature surface See Figure 7-3, stration 

©. 

(4) Primary Datum Feature — Complex Features RMB. 
Simulation of a complex feature referenced as primary 
RMB may result in a difficult simulation requirement For 
these applications, the specification of datum targets; a 
‚datum feature referenced at [BSC], with the abbreviation 
"НС" meaning basic; or am alternatively defined 
stabilization method may be used. See Figure 7-29. 


(е) Secondary Datum Feature RMB — Cylinder or 
‘Width, For both external and intemal features, the 
secondary datum (axis or center plane) is established in 
the same manner as indicated іп (a) and (b) with an 
additional requirement The theoretical cylinder or 
parallel planes of the true geometric counterpart shall be 
oriented and/or located to the primary datum бежали 
true geometrie counterpart. Datum feature B in Figure 7- 
21 illustrates this principle for cylinders, and Figure 7-38 
illusttes the same principle for widths. Їп Figur 7-38, 
the secondary tre geometric counterpart RMB 


^ 


expands and makes maximum possible contact 
“constraining all possible remaining degrees of freedom.. 

Tertiary Datum Feature — Cylinder or Width RMB. 
For both extemal and Internal features, Ше tertiary 
datum (ads or center plane) is established in the same 
manner as indicated in (e) with am additional 
requirement The theo-retical cylinder or parallel planes 
fof the true geometric counterpart shall be oriented 
and/or located to both the primary and secondary datum. 
(елшеу име geometric counterparts. А width tertiary 
datum feature may be located toa datum axis as in Figure 
7-21 or offset from a plane of the datum reference frame. 
„Авит 7-6 illustrates the same principle for a cylinder. 

(а) Secondary and Tertiary Datum Features — Sphere 
RMB. The secondary or tertiary datum (center poin) is 
‘established in the same manner as indicated In (c) with 
an additional requirement that the theoretical center 
polat is located relative to higher-precedence datum. 
features true geometric counterparts. The true geometric 
Counterpart for a translatable secondary ог tertiary 
spherical datum feature is established In the same 
‘manner as for a primary one as stated in (c). 

(0) Secondary and Tertiary Surfaces RMB. Where the 
datum feature (secondary or tertiary) I а surface, RMI 
applied to the datum feature requires the true geometric 
‘counterpart to expand, contract, or progress normal to 
Фе true profile of the feature from its ММВ to is L4 
‘uni the true geometric counterpart makes maximum. 
possible contact with the extremities of the datum. 
feature while respecting the higherprecedence Мат). 
See Figures 7-30, 7-32. and 7-34. 


7.41.5 Specifying Datum Features at MMB 


Where MMB is applied to a datum feature referenced 
im а feature control frame, it establishes the trie 
prometi counterpart of the appropriate boundary, The 
appropriate boundary is determined by the collective 
бе of size and any applicable geometric tolerances 
relative to any higher precedence datums, As a practical 
example, when a datum feature is applied on an ММВ. 
asis, machine and gaging elements in the processing 
‘equipment tht remain constant may be used to simulate 
a true geometric counterpart of the feature and to 
establish the simulated datum. To determine the 
applicable boundary, sce para 7.114. 


7.11.6 Determining the Size of True 
Geometric Counterparts at MMB 


Pattern of features и е serving as а datum feature may 
fave several MM These indude the MMC of a dolum. 
feature of шше and the colective effects of MMC and 
geometrie tolerances Datum feature precedence shall 


be respected, except in the case of a customised datum 
reference frame. See subsection 722. When an MMBequal to. 
ММС ће design requirement for a given datum feature. a 
ero prometi tolerance at MMC s тресе fed to the datum 
feature эз shown оп datum features Band Cin Figure 7-22 
‘See para. 1034 and Figure 9-14 

(а) The appropriate ММВ for determining the size of 
the true geometrie counterpart for an internal dotum. 
feature(s) of size is the largest ММВ that the datum 
fenus) af eec ana while respecting бе datum 

(0) The appropriate ММВ for determining the size of 
the true geometric counterpart for an external datum 
feature(s) of size ts the smallest ММВ hat can contain the 
datum feature(s) of size white respecting the dotum. 
feature precedence. See Figure 7:22 for examples of 
‘calculating the size of MMB. 

7.11.6.1 Determining the MMB. Datum 
Feature D in Figure 7-22 has three ММВ For an external 
feature of size, the appropriate ММВ is the smallest 
boundary that can contain ће dotum feature of size while 
respecting datum feature precedence 

(а) Where datum feature D is referenced as primary. 
collective effects of MMC (7.1 dia) and the straightness 
tolerance (0.1 dia) establish an ММВ of 72 día See 
‘option (a) in the table shown in Figure 7-22. 

(0) Where datum feature D is referenced as secondary 
sure that datum precedence в not voted, the ee tive 
effects of the MMC (71 Ма) and the perpendicuarty 
tolerance (02 dia] establish an MMB of 73 dia See option 
(0) inthe table shown in Figure? 

(c) Where datum feature D is referenced as tertiary, to 
ensure that datum not violated, the collec- 
tive effects of the MMC (7 dia) and the position 
tolerance (04 dia.) establish an MMB of 7.5 dia Since the 
perpendicularity tolerance is a refinement of the 
Position tolerance, is not additive. See option (c) in the 
table shown In Figure 7:22. 

7.11.62 Calculations for the MMB. For the position 
tolerance applied to datum feature D in Figure 7-22. the 
appropriate MMBs for datum features B and Care 102: 
Фа. (1022 MMC minus О perpendicularity tolerance) and 
14 (14 MMC minus O position tolerance), respectively. 


7.41.7 Specifying Datum Features at LMB 


Where LMB is applied to a datum feature referenced in 
feature control frame, И establishes the tve geometric 
Counterpart at the appropriate boundary. The 
appropriate boundary is determined by the collective 
‘effects of size and any applicable geometric tolerances 
relative to any higher-precedence datums. To determine 
the applicable boundary, see para. 7.118. 


7.41.8 Determining the Size of True 
Geometric Counterparts at LMB 


An analysis of geometric tolerances applied to a dotum. 
feature is necessary in determining the size of the datum 
features true geometric counterpart A feature or a 
pattern of features serving as а datum feature may have 
Several LMBs. These Include the LMC of a feature or the 
collective effects of LMC and geometric tolerances, Datum. 


feature precedence shall be respected, except in the case 
‘of a customized datum reference Кате бес subsecti 
7.22. When an LMB equal to LMC is the design 
requirement for a given datum feature, a zero geometric 
tolerance at LMC is specified to the datum feature, эз 
shown on datum features В and Cin Figure 7-23. ee. 
para 10353, 

(a) The appropriate LMB for determining the size of 
the true geometric counterpart for an Internal datum 
feature(s) Is the smallest LMB that can contain the 
feature(s) of size while respecting datum feature 
precedence. 

(6) The appropriate LM for determining the sie of 
the true geometric counterpart for an external datum 
features) s the largest LMB that the datum feature(s) of 
size can contain while respecting datum feature 
precedence Sce Figure 7:23 for examples of calculating 
the sae of LMB. 


7.11.44 Determining the Correct LMB. Datum 
feature D in Figure 7-23 has three LME, For an external 
feature of size, the appropriate LMB is the largest 
‘boundary that the datum feature of size can contain while 
‘respecting datum feature precedence. 

(а) Where datum featur D is referenced as primary, 
collective effects of LMC (82 dia) and the straightness 
tolerance (0.1 ía) establihan LMB 0.1 dia See option 
a) in the table shown in Figure 7-23 

(0) Where datum feature D в referenced as secondary to 
ensure that datum precedence isnot violated, the cle. 
effects of the LMC (82 dia) and the perpendicularly 
tolerance [03 dia) estaba эп LMB o 79 dia See option 
(ыу inthe table shown in Figure 7-23. 

(с) Where datum feature D is referenced as tertiary. 
ensure that datum precedence is not violated, the coll 
tive effects of the LMC (82 dia) and the position 
tolerance (0.6 dia establish an LMB of 7.6 dia Since the 
perpendi-cularity tolerance is а refinement of the 
Position tolerance, Itis not additive. See option (c) in the 
table shown in Figure 721. 


7.11.8.2 Calculations for the LMB. For the position 
tolerance applied to datum feature D, the appropriate 
[Lis for datum features B and Care 10.8 dia. (10.8 LMC 
plus 0 perpendicularity tolerance) and LB (1.8 LMC plus 
O postion tolerance), respectively. 


7.11.9 Specifying Datum Features RMB 


Where RFS is applicable to the tolerances applied toa 
datum feature and RMB is applicable to the datum 
feature reference in a feature control frame, there (s no 
Fixed sizetrue geometrie counterpart The true geometric 
counterpart shall contract to ПЕ an external datum 
feature and expand to ПЕ an internal datum feature. For 
an external feature, there is а maximum external 
boundary tht is the collective effects of size, form, and 
any applicable geometric tolerances relative to any 
higher precedence datums. Por an internal feature, there 
Is a minimum internal boundary that ls the collective 
effects of size, form, and any applicable geometric 
tolerances relative to any higher-pecedence datums. As 
а practical example, where а datum feature of size ls 
applied on an RMB basis, machine and gaging elements in 
the process equipment shall be able о expand or contract 
a required to establish the simulated datum. То deter- 
mine the applicable boundary, ee para 7.11.9.1. 


7.11.91 Determining a Worst-Case Material 
Boundary (RMB). Datum feature D їп Figure 7-24 has. 
three ОН» resulting (rom the tolerances applied to the 
‚datum feature and the datum reference applied RMB. For 
эп external feature of size, the maximum ОВ is the 
smallest envelope that the datum feature does not violate 
‘with that envelope constrained to any higher precedence 
datums 

fa) Where datum feature D is referenced as primary. 
collective effects of MMC (7.9 dia) and the straightness 
tolerance (0.1 dia) establish an OB of а Se option 
(0) Inthe tableshownin Figure 7-24. 

(Ы) Where datum feature Dis referenced as secondary, 
to ensure that datum precedence is not violated, the 
collective affects of de MMC (79 da) the 
perpendicular tolerance (03 Фа and the straightness 

erance nf 0.1 dia establish an ОВ of A3 dia See option. 
(0) Inthe table shown in Figure 7-24, 

(с) Where datum feature D is referenced as tertiary, to 
ensure that datum precedence is not violated, the collec- 
tive effects of the MMC (7.9 dia) he position tolerance 
(064), and the straightness tolerance of 0.1 а estab- 
lish an OB of 86 din Because straightness applied 
feature of size controls the derived median ne, and posi- 
tion controls the axis of the unrelated AME, the form and. 
position tolerances accumulate. Since the perpendicu- 
Тапу tolerance (0.3 dia) а refinement of the position 
tolerance, it is not additive. See option (c) in the able 
‘shown in Figure 7-24. 


7.11.10 Explicit Specification of True 
Geometric Counterpart Boundaries 


In cases where the boundary is not clear or another 
boundary is required, the value ofa fiued-size boundary 
‘shall be stated, enclosed In brackets, following the appli- 
‘Cable datum feature reference and any modifier, such as. 


в 


the “tee state" symbi in the Feature control trame: RMB, 
MMB, and LMB are not applicable when the эше of the 
simulator в specified, The boundary may als be specified 
by idudin a numeric value preceded by a diameter 
symbol radius symbol, spherial diameter, or spherical 
‘Fads symbol as applicable between the brackets. 


[olsen эзгич 


To indicate that the true geometric с 
clined bythe basic dimension af he rue profi hc 
‚datum feature, the term “[BSC],” meaning basic, shall 
follow the datum reference letter Inthe feature control 
frame. See Figure 7-35. 


[CICER JONES] 


7.11.11 Datum Feature ShifUDisplacement 


MMB or LMB modifiers applied to the datum feature 
reference allow the datum feature to shil/displace Irom 
ihe boundary established by Ше true geometric 
counterpart in an amount that ts equal to the difference 
between the applicable (unrelated or related) AME for 
MMB, actual minimum material envelope for LMB, or 
surface ofthe feature and the true geometric counterpart. 
The datum reference frame i established from the true 
geometric counterpart and not the datum features. See. 
Figure 7-25 for LMB: Figures 7-16, 7-18, and 7:26 for 
ММВ; and Figure 7:33 for a surface referenced as a 
datum feature at MMB. The datum feature shit/displace 
ment shall always be limited or constrained by the true 
geometric counterpart. Where the true geometric coun- 
етра geometry does not fully limit or constrain the. 
feature, such as where И may rotate away from the 
geometric counterpart as shown in Figure 7-16, an 
extremity of the datum feature shall remain between the 
ММВ and the LMB. Se pora 7167. 


7.41.12 Translation Modifier 


When it в necessary to indicate that the base location of 
the rue geometric counterpart is unlocked and the uve 


applicable төбесі See Figure 7-12, stration (a), Paure 

39, and para 6326, When the translation modifier is 
applicable and the direction of movement к not dear, 
‘movement requirements shall be specified. А coordinate 
system fr the applicable datum reference frame в added 
And the direction af movement is Indicted using a unit 
vector designation consisting of 7. J, ¥ components 
{corresponding ta the Хаме, Yan and Z-axis af the ки. 
‘inate system). placed in brackets and following the trans- 
atn mailer symbol See Figure 7-12, lBusratons(b] 


“and (с), The vector notation shall contain the number af 
decimal places necessary to achieve adequate precision. 
The true geometric counterpart may translate in either 
direction (positive or negative) along this vector. 


7.11.13 Effects of Datum Precedence and Datum. 
Feature Material Boundary Conditions. 


When datums are specified in an order of precedence, 
the material boundary at which each datum feature 
applies shall be determined. The effet of the applicable 
material boundary and order of should be 
‘considered relative to ft and function of the part Figures 
7-19 and 7-20 illustrate а part with a pater of holes 
located in relation to cylindrical datum feature А and at 
surface datum feature B. As indicated by asterisks, 
datum feature references may be specified in diferent 
ways. 


741.14 Cylindrical Feature RMB Primary 


In Figure 7-20, Nustraion (b). diameter A is the 
primary datum feature and КМВ з applicable, surface В 
Isthe secondary datum feature. The datum anis s the aus. 
‘of the rue geometric counterpart. The true geometric 
‘counterpart is the smallest circumscribed hinder that 
contacts cylindrical feature A. and that circumscribing 
cylinder ix the unrelated AME of diameter А This 
cylinder encompasses variations in the size and form of A 
within specified limits. However, any variation in perpen- 
dicularty between surface and diameter A, the primary 
datum feature, affects the degree of contact of surface B 
with its true geometric counterpart. 


7.41.15 Surface Primary, Cylindrical Feature 
RMB Socondary 


In Figure 7-19, illustration (b), surface is the primary 
datum feature, diameter A Is the "datum. 
feature, and RMB is applicable. Datum axis Ais the ads of 
the smallest circumseribed cylinder that contacts 
cylindrical feature A, the circumscribing cylinder is 
perpendicular to the primary datum plane 6, and the 
circumscribing cylinder is the related AME of the 
diameter A. In addition to size and form variations, thi 
cylinder encompasses any variation in perpendiculariy 
between diameter A and primary datum В. 


7.41.16 Surface Primary, Cylindrical Feature 
at MMB Secondary 


land MMI is applied. Datum ахи А в the xt of ed 
Уйга true geometric counterpartthat 5 perpendicular 
to datum plane B.A displacement of the datom feature в. 
lowed when there is dearancr between 


dotum feature Aand its true geometric counterpart, 
See para 10362. 


7.11.17 Cylindrical Feature at MMB Primary 


o gare 7-20, usais (9 and (4), diameter As the 
primary datum feature and MMB applied surface Bis the 
Secondary datum feature and RMB applies, Datum А ће 
Sui ofthe true geometric counterpart of ied ше at MMB. 
Because datum feature А в primary, any variation in 
perpendiuaray between surface B and datum axis А may 
affect the degree of contact of surface В with Ks true 
geometric counterpart Where datum feature A departs rom. 
ММ relative movement (translation or rotation) 

between datum axis A and the axis of the апте 
datum feature A See para 10302. 


7.42 COMMON DATUM FEATURES 


When more than one datum feature is used to establish 
а true geometric counterpart for a singe datum, 
Appropriate datum feature reference letters and asso- 
‘lated modifiers, separated by a dash, are entered in one 
‘compartment of the feature control frame, See para. 
729) and Figure 7-27. Since the datum features are 
equally important, datum feature reference letters may. 
be entered im any order within Ші compartment Where 
по material boundary modifier is applied, the default 
RMB condition (Rule #2) applies. Where MMI or LMI is 
the required boundary condition, the MMI or LMB 
‘boundary modifier shall be applied following each datum 
feature reference letter. Where the Intent is clar, sine 
datum feature reference letter may be used to define the 
‘multiple surfaces as a single datum feature. See paras. 
6320) and 7.121 and Figure 6-6. Where applicable, 
‚sch datum feature reference letter shall be followed by а 
material boundary modifier. 


7.124 Simulation of a Single Datum Plane 


Figure 6-61 an example of a singe datum plane simu- 
lated by the true geometric counterpart simultaneously С. 
ontactingthehighpointsoftwosurfaces 
Identifican of two features to establish a single datum 
plane may be required where separation of the features 
is caused by an obstruction, such as in Figure 6-4, or by а 
comparable opening (eg. a slo). For controling 
coplanarity of these surfaces, see Figure 6-6 and para. 
TALL 


7.422 Single Axis of Two Coaxial Features of Size 


Figures 7-16 and 7-17 are examples of a single datum. 
anis established from the axes ofthe tue geometric coun- 
terparts that simultaneously constrain the two coaxial 
diameters. The datum features in Figure 7-16 may be. 
Specified applicable RMB or specified to apply at MMB 


‘or LMB, as applicable. In Figure 7-17, the datum features 
for the runout tolerances can only apply RMB. 


7.42.3 Pattern of Features of Size at MMB 


Multiple features of ше, such as a pattern of holes at 
ММВ, may be used as a group in the establishment ofa true 
geometric counterpart to derive a datum reference frame 
See Figure 7-10 In this case, when the part ы mounted өз 
the true geometrie counterpart а primary datum feature A. 
the patern of holes establishes the true geometric coun- 
Петра that is used to derive the second and third planes of 
the datum reference trame. The true geometric counter part 
of datum feature Bis the collection of the MMB of al of the 
holes located at true postion. The origin of the datum 
reference frame may be established at the center of the 
potter of the true geometric counterpart where R intersects 
Plane A as shown in Figure 7-10, orat any eter location 
defined with basic dimensions relative to the true geometric 
counterpart as їп Figure 7-29. Where datum feature В s 
Teerenced at ММ rotativo movement (translation and/or 
rotation) ol he datum features s allowed when there is 
earance between the datum features and their true 
гоне counterparts Ths relative movement в related to 
any clearance between the surfaces of datum feature Band 
the MMB of ach hole. This earan и affected by the ie 
orientation, and locaton of all holes сено. 


7.12.4 Pattorn of Features of Size RMB 


When RMB is applicable in а feature control frame to 
‘common datum features of size used to establish a single 
datum, the true geometric counterpart of each feature 
‘shall be fixed in location relative to one another. The true 
рютешс counterparts shall expand or contract 
simultaneously from their worst-case material boundary 
to their LMB unt the име geometric counterparts make 
maximum possible contact with the extremities of the 
‚datum feature(s). When irregularities on the feature(s) 
‘may allow the part to be unstable a single solution shall 
be defined to constrain the part. See Figure 7-17 


7.42.5 Partial Surfaces as Datum Features 


{tis offen desirable to specify only part of a surface, 
Instead of the entire surface, to serve as а datum feature. 
in addition to the methods specified in (а) and 

(0) below, itis permissible to specify a partial surface in 
note form or by a datum target. 

(а) Orthographic Views A chain ine drawn parallel to 
the surface profile and dimensioned to define the area 
and location as in Figure 7-28 indicates a partial feature 
э a datum feature. 

(b) Models Supplemental geometry indicates a partial 
feature as а datum feature. See Figure 7-28 and ASME 
"nan. 


7.13 MATHEMATICALLY DEFINED SURFACE 


Where a compound curve or contoured surface s used as 
datum feature, t shall be mathematical defined ін a 
"re dimensional coordinate system When such a feature 
i referenced. as a datum feature, ix rue geometric 
‘counterpart (derived from the math dat) is used in estab- 
Jing the datum reference frame, Aging the high pots 
ч the datum feature with As true geometric counterpart 
constrains the part relative to the datum referene frame, 
When the datum feature alone does nat adequately 
constrain the required degrees of freedom of the part, 
забна datum features are required. See Figure 7-29. 


7.14 MULTIPLE DATUM REFERENCE FRAMES 


More than one datum reference frame may be necessary 
for certain parts depending on funcional requirements, 
When more han one datum reference frame suse and iti 
mecemary to determine the relationships and calculate 
‘boundaries between the reference frames the relation ‘ship 
between the datum reference frames shall be specified In 
‘gre 7-15, datum features А and В establish one datum. 
reference frame, while datum features C and D establish a 
‘erent datum reference frame. Datum features С and D. 
ave tolerances appled that reference datums A and R thus 
‘establishing the relationship between the datum reference 
eames Nether datum reference frame constrains al sb 
degrees of freedom. The міс patterns in the two ends are 
separate requie-ments and have по datum reference tht 
‘constrains rota ton f ope pattern of holes tothe other 


7.15 FUNCTIONAL DATUM FEATURES 


‘Only the required datum features should be referenced 
in feature control frames when specifying geometric 
tolerances. An understanding ofthe geometric control 
provided by these tolerances (as explained in Sections В 
‘through 12) Is necessary to determine the number of 
datum feature references required for a given 
application. The functional requirements ofthe design 
Should be the basis for selecting the related datum. 
features to be referenced in the feature control frame. 
Figures 7-43 through 7-45 lustrate parts in an assembly 
where geometric tolerances are specified, each having 
the required number of datum feature references, 


716 ROTATIONAL CONSTRAINT ABOUT А 
DATUM AXIS OR POINT 


Where a datum reference (rame i established from a 
primary or secondary datum аме or point, a lower-prece- 
Ser datum feature surac or feature ol шк may be used 
to constrain rotation. See рых 7.104. Depending on func- 
"al requirements there are many ways 1 constrain the 
rational degrees of freedom about the higher-pree-dence 
datum Figures 7-30 through 739 Mustrate the 


development оё a datum reference frame based on the 
principles outlined in the true geometric counterpart re- 
quirements, In these figures, datum feature А establishes 
an axis and the lower precedence datum feature B is 
located (positioned or profile) to datum feature A and is 
‘then used t orient the rotational degrees of freedom to 
establish the datum reference frame that is used to locate 
the two беттеді. holes. Depending on functional 
requirements, this lower-precedence datum feature may 
apply RMB or be modified to apply at MMB or LMB. The 
datum reference frame is established from the true 
geometric counterparts and not from the datum features. 


7.16.1 Contoured Datum Feature RMB 
Constraining a Rotational Degree of 
Freedom 


ln Figure 7-30, datum feature B applies RMB. This 
requires the true geometric counterpart geometry to 
‘originate at the MMB of R49 and progress through the 
profile tolerance zone toward the LMB of RIS. шаш it 
makes maximum contact with datum feature В and 
constrains the rotational degree of freedom of the part 
Around the азі of the true geometric counterpart from 
datum feature А. 


7.16.2 Contoured Datum Feature at MMB 
Constraining a Rotational Degree of 
Freedom 


In Figure 7-31, datum feature В modified to apply at 
ММВ, This requires the true geometric counterpart to be 
sedat the ММВ of RIA Sand thus orients the two planes 
that originate at the axis of the true geometric 
counterpart of datum feature A. Where datum feature В 
‘departs {rom ММВ, relative movement (rotation) can 
‘occur between the true geometric counterpart for datum. 
Feature Band the related AME of datum feature В Datum 
feature В may rotate within the confines created by its 
departure from MMB and might not remain in contact 
‘with the true geometric counterpart. 


паг Datum Feature RMB Constraining а. 
Rotational Degree of Freedom 


In Figure 7:32, datum feature В applies RMB. This 
requires the true geometric counterpart geometry 10 
originate at the MMB of 15.1 and progress through the 
profile tolerance zone toward the LMB of 149 until it 
makes maximum contact with datum feature В and 
constrains the rotational degree of freedom of the part 
around the axis of the true geometric counterpart of 
datum feature A. 


7363 


7.16.4 Planar Datum Feature at MMB Constraining a 
Rotational Degree of Freedom 


in Figure 7:3, datum feature B is modified to apply at 
ММВ. This requires the tie geometric counterpart to be 
fixed at the MMB of 15.1 and thus orients the two planes 
that originate at the axis of the true geometric 
counterpart of datum feature A. Where datum feature В. 
departs from MMB, relative movement (rotation) can 
‘occur between the rue geometric counterpart ог datum 
feature B andthe related AME of danum feature В, Datum 
feature В may rotate within the confines created by its 
departure from MMB and might not remain in contact 
‘with the име geometric counterpart. 


16.5 Offset Planar Datum Feature RMB 
Constraininga Rotational Degree of 
Freedom 


in Figure 7:34, datum feature В is offset relative to 
datum anis A and applies RMB. This requires the true 
Brometrie counterpart to meet the following conditions: 

(а) The true geometric counterpart geometry origi- 
mates at the MMB of 5.1 and progresses through the 
profile tolerance zone toward the LMB of 49 ма it 
‘ales maximum contact with datum feature . 

(2) The true geometric counterpart constrains the 
rotational degree of freedom of the part around the ads 
‘ofthe tue geometric counterpart of datum feature A 


16.6 Offset Planar Datum Feature Sot at Basic, 
Constraininga Rotational Degree of 
Freedom 


In Figure 735, datum feature B is offset 5 relative to 
dotum axis A. RMB does not apply as itis overridden in 
the feature control frame for the two holes by TBSC)” 
following the reference to datum feature В. See para. 
T1110, This requires the true geometrie counterpart to. 
һе fixed at 5 basic and the dotum feature shall make 
contact with the true geometric counterpart, This 
constrains the rotational degree of freedom of the two. 
planes of the datum reference frame around the axis of. 
the true geometric counterpart of datum feature A. 


7.16.7 Offset Planar Datum Feature at MMB 
Constraininga Rotational Degree of 
Freedom 


a agur 7-36, datum feature Bis fet relative to datum 
эн A and the datum feature reference В modified to apply 
э MMB. This requires the true geometric counter par to be 
sed м the MMBo 1 and constrains the rota ional degree 
ч freedom of the two planes of the datum reference frame 
that originate at the tre geometric counterpart of datum. 
feature A The part may rotate on datum axis A provided one 
fr more maximum materia 


extremities of datum feature B remain between the ММВ. 
and LMB for that feature. 


7.16.8 Offset Planar Datum Features at LMB 
Constraininga Rotational Degree of 
Freedom 


Io gure 7-37, datum feature Bis offset relative to datum. 

is A and the datum feature reference ts modified to apply. 
a LMB This requies the true geometric counterpart to be 
Ted atthe LMB of 49 and constrains the rots ional degree 
of freedom o the two planes и the datum reference frame 
that originate a the true geometric counterpart of datum. 
feature A The part may rotate о datum ais A provided one 
өг more least material extremis of datum feature B remain 
Between the MMB and LMB. 


7.16.9 Datum Feature of Size RMB Constraining 
а Rotational Degree of Freedom 


In Figure 7:38, datum feature В applies RMB and is 
position toleranced relative to datum аме А. This 
requires the center plane of the datum feature B 
таг pom to be бей и be basie 5 dimension 

1 true geometric counterpart geometry to expand 
tral maet mui conse wi A a e 
‘This constrains the rotational degree of freedom of the 
бо planes of the datum reference frame around the axis 
bf the true geometric counterpart of datum feature A 


7.16.10 Datum Feature of Size RMB With 
Translation Modifier Constraining 
Rotational Degrees of Freedom 


In Figure 79, datum feature В apples RMB with a 
translation modifier. This allows the center plane of the 
true geometrie counterpart to translate while main- 
taining Its orientation to higher precedence datums. The 
parallel planes of the true geometric counterpart expand 
to make maximum contact with he datum feature 


147 APPLICATION OF MMB, LMB, AND RMB 
TO IRREGULAR FEATURES OF SIZE 


MMB, LMB, and RMB apply to iregular features of size 
when they are selected as datum features. 

(а) In some applications, irregular features of size that 
contain or may be contained by an AME or actual 
minimum material envelope from which а center point, 
an ais, or a center plane can be derived may be used as 
datum features, See para. 33510) and Figures 740. 
"rough 7-42. MMB, LMB, and RMB principles apply to 
these types of irregular features of size. 

(гін other applications (such as an irregular shaped 
feature) where a boundary has been defined using profile 
tolerancia center point, an avs, or a center plane may not 
be readily definable. See para. 335.1) and Figure 11-29. 
MMH and LMB principles may be applied to this typeof 


irregular feature of size. When RMB is applicable, the 
firing routine may be the same a for a regular feature of 
size, ora specific fining routine may be defined, ог datum 
targets may be used. 

BOTE. Dan Snare reference RM may чите very comple 
etat be ie a omo терім шше lt 


DATUM FEATURE SELECTION 
PRACTICAL APPLICATION 


Figure 7-43 illustrates an assembly of mating parts. 
‘Datum features for this assembly are shown in Figures 7- 
44 and 745 and were selected based on functional 
assembly and mating conditions. Figure 7-44 Illustrates 
"he pulley and the datum features selected based on the 
functional imerrelaionship with the adapter in the 
assembly. The internal bore on the pulley is selected ax 
the primary datum feature (identified as А) based on the 
amount of contact It has with the pilot diameter of the 
adapter. The shoulder has the secondary contact with the 
‘Adapter. and itis selected as the secondary datum feature 
identified as В). The assembly of the pulley іш the 
adapter depends on the clamping of the bolt and washer: 
3 tertiary datum feature ін mot necessary. Figure 7-45 
Üllustraes the adapter with its datum features and 
appropriate geometric tolerances based on function. An 
analysis of the relationship between the adapter and the. 
Crankshaft indicates. that the shoulder has the most 
Contact with the crankshaft: because the bolt force on the 
assembly loads the shoulder surface plane into contact 
‘withthe end of the crankshaft, establishing an initial 
‘orientation, И is selected as the primary dotum feature 
(identified as A) for the adapter. Secondary contact is 
‘between the pilot on the adapter and the bore on the 
crankshaft, and therefore the pilot Is selected as the 
Secondary datum feature (Identified as B) for the adapter. 
In this example. tertiary datum feature is unnecessary 
за the rotation is constrained by the five clearance holes 
And other features om the part do not need іш be 
Controlled for rotation. Selection of datum features in this 
manner minimizes tolerance accumulation within an 
assembly and Is also representative of actual function. 


7.19 SIMULTANEOUS REQUIREMENTS 


A simultaneous requirement applies to position and 
profile tolerances that are located by basic dimensions. 
elated to common datum features referenced in the 
same order of precedence at the same boundary condi- 
tions. Ina simultaneous requirement, theres по transla- 
tion or rotation between the datum reference frames of 
the included geometric tolerances, thus creating a single 
pattern. Figures 7-46 and 7-47 show examples of simul 
taneous requirements. such an interrelationship isnot 
required, notation suchas SEP НЕТ shouldbe placed 
adjacent to each applicable feature control frame. See 


Figures 7-48 and 10-54 and para. 105.42. This principle 
does пок apply to the lower segments of composite 
feature control frames. See para 10542. Иа 
simultaneous. requirement is desired for the lower 
segments of two ог more composite feature control 
frames, a notation such as SIM ВЕТ shall be placed 
adjacent о each applicable lower segment of the feature 
‘control frames. Simultaneous requirements are not 
applicable and cannot be invoked by notation on single- 
segment or multiple-segment feature control frames 
when the datum references are different, the dotum. 
references appear in а different order of precedence, or 
the applicable material boundaries are different. 


7.20 RESTRAINED CONDITION 


lt may be desirable to restrain a part or assembly to 
‘simulate Its shape in the Installed condition. To invoke а 
restrained condition. a general note, a flag, or a local note 
shall be specified or referenced on the drawing or 
annotated model defining the restraint requirements. See 
Figures 7:27 and 7-49, When a general note invokes a 
restrained condition. ай dimensions and tolerances 
apply in the restrained condition unless they are 
‘overridden by a "free state” symbol or equivalent 
method. И а restrained condition i Invoked by a Mag or 
local note, only the noted dimensions and tolerances 
apply in the restrained condition. 


7.20.1 Specification of Restraint Magnitude 


‘The allowed or required magnitude of force (clamp. 
load, torque, ete.) or condition used to restrain а par may 
be one of the following: 
(0) the magnitude necessary to restrain the part on 
the physical datum feature simulators. See Figure 7-49. 
(0) the magnitude ofthe load that Ње part is subjected 
to nits installed condition. 


7.20.2 Location, Direction, Sequence, and Area. 
of Restraint 


When applicable, parameters such as the location. 
direction, sequence, and area of restraint may be shown. 
‘on the drawing or annotated model, or be specified in. 
another document. И the parameters of restraint are 
specified in another document, the document shall be. 
noted on the product drawing or annotated mode. 
‘Additonal restraints may not be used. 

(2) When datum targets are specified, the restraint 
load shall be applied over each datum target, normal to 
the surface at that location and the same size and shape 
эв the datum target UOS. In cases іп which restraint 
applies to a datum target line or area specified on а. 
‘surface with more than one normal vector, ће direction. 
‘ofthe restraint load should be specified. 


(0) When the entire surface is specified as the datum 
feature, the restraint load shall be applied over the entire 
datum feature, normal to the true geometric counterpart 
and the same size and shape as the datum feature UOS In 
ases in which restraint applies ta datum feature with 
more than one normal vector, the direction of the 
тенги load should be specified. 


7.20.3 Gravity 


When the force of gravity is a concern regarding 
requirements, the direction ot тауну shall be indicated. 


7.20.4 Application of “Free State" Symbol 


телее state” symbol may only be applied to toler-ances 
«п parts mat indude ome or mare restraint notes Free state 
‘arbtin on restrained parts may be controlled as described 
In paras 72041 through 72045. 


72041 Specitying Directly  Toleranced 
Dimensions for Features Subject to Froo State 
Variation on a Restrained Рап. Ifa directly toleranced 
dimension is applied toa feature in the free state on a 
restrained part the “ree state” symbol, where required, 
is placed adjacent to the directly toleranced dimension to 
remove the restrained requirement from the Indicated 
dimension 


7.20.42 Spacitying Geometric Tolerances on 


‘When a geometrie tolerance ts applied 
with the “ree state” symbol, the tolerance ts applicable 
‘om that feature with the part їп а free state, Where 
required, the “free state” symbol ік placed in the feature 
control frame, following the tolerance and any modifiers, 
to remove the restrained requirement for that tolerance. 
See Figures 6-22 and 8-14 

72043 Specifying a Free State Datum Reference(s) 
оп а Restrained Part. geometric tolerance applied to a 
restrained part or assembly may require one or more free 
state (unrestrained) datum references Unresrlncd datum 
features are designated by the “Iree state” symbol applied to 
3 datum feature referenced ін the feature control frame 
following any other modifying symbol. See Figures 7-49 


Phys datum feature simulator when they are inthe free 


72044 Restraining Parts Using Features of Sie. I 


may be necessary to use multiple features o siae і esta 
ch a datum reference frame when а restrained requir 


in accondance with the specified restraint requirement w 
Tlexordeform the part. See Figure 7-52. 
NOTE The position tolerance shawn I Fire 7-52 ке datum. 
feature W (term Ы our hole] А at іі to determine the 
fre tte locaton ofthe ble И ls usd a tach the ИМЕ 
Slr t ar o estat ве part state the staid 
condi. 


72045 Contacting Physical Datum Feature 
Simulators. When restraint is applet, all restrained 
monsize datum features shall contact he physical dtum 
feature simulators, UOS. Features of size referenced at 
ММВ are sot required to make contact with the 
simulator. 


7.21 DATUM REFERENCE FRAME IDENTIFICATION 


When а datum reference frame has been property 
established and itis considered necessary w illustrate 
the coordinate system of a datum reference frame, the 
жез of the coonlinate system may be labeled on the 
‘orthographic views to show the translational degrees of 
freedom x, y, and z. See Figures 72, 7-6, 7-13, and 7-53. 
Оп the model, each datum reference frame shall be 
associated with a corresponding coordinate system per 
ASMEYIAAL, 


of ће coordinate system (X Y, and Z). ay labeled axes 
‘hall include a reference o the acted datum reference 
frame. On the orthographic view, the X5, Y and Zanes ar 
the three datum reference frames shall be детей by the 
matten [ABC] (АВОЈ and [ABE] These labels 
represent the datum feature (without mod fers) foreach 
datum reference frame, and follow the X, Y, and Z 
Мена eters. See Figure 7-54 

(В) Use of Common Datum Features. When common 
datum features are used to identify a datum within a 
datum reference frame, the relevant common datum 
feature letters shall be separated by a hyphen as in [Fe 
овај 

(©) Model Requirements ach datum reference frame- 
to-coordinate system relationship shall be clearly 
presented. When a datum reference frame is labeled the 
label shall take the form of ORF_XXX (underscore 
required), where the datum letters of the datum 
reference frame are used in place of XXX. 


7.22 CUSTOMIZED DATUM REFERENCE 
FRAME CONSTRUCTION 


То limit the degrees of freedom constrained by datum 
features referenced іп an order of precedence, a custo- 
mized datum reference frame may be invoked. When 
applying the customized datum reference frame, the 
following requirements govern the constraint on each. 
datum feature reference: 


= 


(a) Where orthographic views are used, the rectan- 
gular coordinate axes shall be labeled іп at least wo 
Views on the drawing. See Figures 7-55 and 7-56, In a 
model, the axes only need о be labeled once for each 
datum reference frame. 

(6) The оре) of freedom to be constrained by 

each datum feature referenced in the feature control 
rame shall be explicitly stated by placing the designated 
degree of freedom to be constrained in lowercase 
leter(s) Dy ziv] in brackets fllowingeach datum. 
feature reference and any applicable modifier 
(eh See Figures -56 and 7-57, 
NOTE Gastonia datum reerence rames Мый ot be sed 
Wh composite Wera. Where 4 cuti! datum 
Free Frame sede, one or more genen tre 
eret hl e unr 


7.23 APPLICATION OF A CUSTOMIZED 
DATUM REFERENCE FRAME 


ln Figure 7:55, the conical primary datum feature A 
constrains Ave degrees of freedom, Including translation 
inz. The origin of the datum reference frame to locate the 
dia. hale is from the apex of the conical tre geometric 
counterpart In some applications, may be necessary to 
Customize the datum reference frame. The following are 
«examples of applications of customized datum reference 
кэте: 

(a) ln Figure 7:56, the design intent is that the 
primary datum feature A constrains four degrees of 
freedom, excluding translation ін z. Secondary datum 
feature B is а thrust face and, when customized, 
constrains the translational дерге of freedom (z). The 6- 
dia holes located to the conical feature with translation 
2 omitted. Secondary datum feature В constrains transla- 
tion in tn this example, the declared degrees of 
constraint for datum feature A are x, у, u, and y. The 
declared degree of constraint for datum feature Bis 2. 

(b) In Figure 7-57, datum feature В would normally 
‘constrain two translational degrees of freedom, x and y, 
and one rotational degree of freedom, м. See Figure 7-3, 
illustration (0. The purpose of the square hole is to 
transfer torque but not to orent the par. Therefore, the 
design iment is that datum feature В restrns two 
translational degrees of freedom but not the rotational 
degree of freedom. In the position tolerance for the three 
holes, datum feature A constrains three degrees of 
freedom, z. u, and v. Even though datum feature В would 
normally constrain the three remaining degrees of 
freedom, using the customized datum reference frame 
constraint requirements, datum feature В constrains only 
‘to translational degrees of freedom, x and y. Datum. 
feature C then, constrains the remaining degree of 
rotational freedom, w. 


7.24 DATUM TARGETS 


Datum targets may be used in establishing a datum 
reference frame. Because of inherent irregularities, the 
emire surface of some features cannot be effectively used 
to establish а datum. Examples are nonplanar or uneven 
surfaces produced by casting, forging, or molding: 
Surfaces of weldments; and in-section surfaces subject 
"o bowing warping, or other inherent or induced 
distortions Where the entre surface ls not used to estab- 
lish а datum, datum targets are used in establishing a 
datum reference frame. Datum targets amd datum 
features (as described earlier) may be combined to 
‘establish а datum reference frame. Where dotum feature 
reference is made to datum targets applied on a feature 
оГ size, RMB ls applicable unless the datum feature 
reference is otherwise modified 


7.24.1 Establishing a Center Plane From 
Datum Targets. 


Figure 7-58 ls an example of a center plane established 
by a V-shaped true geometric counterpart established 
from two datum target lines. In the orthographic view, 
datum targets B1 and BZ are located relative to dotum. 
targets A1 and A2 with a basie dimension and are shown 
эз datum target lines. И a datum target plane V-shaped 
true geometric counterpart is required 81 and B2 would 
oniy be shown in the top view. On the model, the V- 

apod simulator is represented by supple-mental 
geometry tangent to the cylindrical feature, and the 
datum target is attached by a leader. For clarification, the 
direction movement may be indicated by the addi tion 
‘of a represented ine element as described in ASME 
ША 


7.24.2"Movable Datum Target" Symbol 


“Тһе ‘movable datum target” symbol may be used to 
Indicate movement of the datum targets true geometric 
‘counterpart. Where datum targets establish а center 
Point ads, or center plane and RMB Is applicable, the 
тие geometric counterpart moves normal to the true 
profile, and the “movable datum target” symbol, though. 
ot required, may be used for clarity. Where the true 
geometric counterpart is not normal to the true profile. 
Ше “movable datum target” symbol shall be used, and the 
direction of the movement shall be defined as described 
in (a) through (c) Below. See Figure 7-58. For an example 
‘of where the true geometric counterpart moves along an 
ane, see Figure 7-59. 

(0) For orthographic views on engincering drawings. 
the movement may be indicated by the addition of a line 
Indicating the direction of movement. The line element is 
placed at the point of contact for a datum target point. 
along the ine for a datum target line, or within the ares 
for a datum target area. The movement is along the 
represented line element. The line element 


shall be specified with one ormore basie angles. See 
Figire 758 illustration (a). 

(0) Alternatively, for drawings that include X, Y and 
owes to represent the datum reference frames), the 
direcion of movement may be indicated using a unit. 
vector designation consistingo i J, k components (corre 
sponding to the X. Ys and Zases of the coordinate 
system), placed in brackets and adjacent to the "movable. 
datum target symbol. The vector direction is toward the 
surface of each datum feature. See Figure 7-58, 
illustration (Ы) The vector notation shall be shown in at 
least one view where the target is shown. For drawings 
that include more than one datum reference frame, the 
particular datum reference frame to which the А 
‘Components are related shall be specified by placing the 
applicable datum feature letters within square brackets 
following the closing bracket that contains the 1, j, k 
‘components (such as iJ, КГ or (A,B,C). 

(c) For a model, the direction of movement shall be 
Indicated by the addition of a representa line element to. 
Indicate the direction of movement. The line element 
‘hal be placed on the outside of the material: One end of. 
the line cement shall terminate a the point of contact for. 
з datum target point, at a point on the ine (оға datum 
target line, or at a point within the area for a datum target 


7.24.3 Datum Target Dimensions 


Where applicable, the location and size of datum 
targets should be defined with ether basic or directly 
toleranced dimensions. И basic dimensions are used, 
established tooling or gaging tolerances apply, Figure 7- 
69 Illustrates à part where datum targets are located by 
means of basic dimensions. 

NOTE for imtormation on іаво physical datum fete 
Simao and thar ттлтне been he silts 
Bro 


7.24.4 Datum Planes Established by 
Datum Targets. 


A primary datum planes established by at least three 
target points not өп а straight line. See Figure 7-60. A 
secondary datum plane is usually established by two. 
targets. A tertiary datum plane is usually established by 
fone target. A combination of target paims, lines, and 
areas may be used. See Figure 7-60. For stepped surfaces, 
‘the datum plane should contain at least ne of the datum 
targets. Some features, such as curved or contoured 
surfaces, may require datum planes that are completely 
ойе from the datum targets. See Figure 7-53. 


7.24.5 Stepped Surfaces. 


A datum plane may be established by targets located on 
stepped surfaces, as In Figures 7-58 and 7-60. The basic 
‘henson defines the обе between the datum гүн, 


7.24.6 Primary Datum Axis 


Two sets of three equally spaced datum targets may be 
used to establish a datum axis for a primary datum 
feature. See Figures 7-61 and 7-62. The two datum target 
sets are spaced as far apart as practical and dimensioned 
from the secondary datum feature where needed. Where 
RMB is applicable, а centering procedure used to 

sh the datum axis has two set of three equally 
spaced contacting datum target simulators capable of 
moving radially at an equal rte from a common axis. To 
ensure repeatability of the location of the three datum 
target points, а tertiary datum feature may be necessary. 
For the MMB, the centering procedure used to establish 
the datum ais has two sets of three equally spaced 
datum target simulator set at a fixed radial distance 
based onthe MMB. Where two cylindrical datum features 
"i diferent diameters are used to establish a datum ais, 
эв In Figure 7-62, each dotum feature ts identified with а 
dierent et 


7.24.7 Circular and Cylindrical Targets 


Circular target lines and cylindrical anget areas may be 
used чо establish а datum axis on round features. See 
Figure 7.63. 


7.24.8 Secondary Datum Axis 


For a secondary datum feature, a set of three equally 
spaced targets may be used to establish a datum ans. See 
Figure 7-64, In this example, the datum targets and the 
contacting true geometric counterparts are oriented rel- 
ative tothe datum reference frame. Where RMB Is appli. 
cable, а typical centering method used to establish the 
datum axis has а set of three equally spaced contacting 
true geometric counterparts capable of moving radially 


tan equal rate from a common axis that's perpendicular 
to the primary datum plane. Where MMB is specified, the 
centering method used to establish the datum axis has a 
Set of three equally spaced features set at a fixed radial 
distance based on the MMB. 


7.24.9 Datums Established From Complex 
or Irregular Surfaces 


Datum targets may be used w establish a datum from a 
complex or irregular surface. When а datum target arca 
‘or datum target lines shown on a nonplanar surac 
Shape of the datum target's true geometrie counterpart is 
the same as the basic shape of the surface In Figure 7-49, 
‘the datum target area's true geometric counterparts for 
AT through A4 are the same as the basic contour of the 
part surface. Where a datum reference frame has been 
properly established but из planes are unclear, the datum. 
reference frame coordinate axes may be labeled to 
appropriate extension or center lines as needed, See 
Figure 754. The datum feature symbol should be 
attached only to identifiable datum features, Where 
‘datums are established by targets on complex or 
irregular surfaces, the datum may be identified by a note 
such as DATUM AXIS A or DATUM PLANE A. 


7.24.10 Datum Features Established From Datum 
Targets With Fewer Than Three Mutually 
Perpendicular Planes 


When using datum features defined by datum targets 
ina feature control frame established by fewer than three 
‘mutually perpendicular planes, the datums that are the 
Basis forthe datum reference frame shall be referenced. 
See Figure 9:16. The targets that provide definition for 
‘the datums referenced in the feature control frame shall 
be in note such as WHERE ONLY DATUM. 
FEATURE A 18 REFERENCED, DATUM FEATURES 
В AND C ARE INVOKED ONLY TO RELATE THE 
TARGETS THAT ESTABLISH DATUM A. 
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Figure 7-12 Development of a Datum Reference Frame With Translation Modifier (Cont'd) 
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Figure 7-15 Multiple Datum Reference Frames and Their Interrelationships. 
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Figure 7-17 Two Datum Features RMB, Single Datum Axis 


‘Figure 7-1 ei Para ets m Dat Fea 


Т! 


Шш 


Figure 7-20 fect ol Primary Datum Feature Reference Applicable RMB and at MMB 
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Figure 7-28 Partial Surface as Datum Feature 
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Figure 7-32 Planar Datum Feature Constraining а Rotational Degree of Freedom: Secondary Datum Feature RMB 
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Figura 7:38 Planar Datum Feature Constraining a Rotational Degree of Freedom: Secondary Datum Feature at BSC 
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Figure 742 Possible Datum Feature and True Geometric Counterparts From Three Pins Used as an 
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Figure 7-42 Possible Datum Feature and True Geometric Counterparts From Three Pins Used as an 
Irregular Feature of Size (Cont'd) 
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Figure 7-54 Datum Reference Frame identification 
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‘Figure 745 семен Datum estr Бааска 1o Constrain Five Degrees ot Freedom. 


Figure 7.56 Conical Datum Feature Reference Customized to Constrain Four Degrees of Free dom 
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Section 8 
Tolerances of Form 


BA GENERAL 


This Section establishes the principles and methods 
dimensioning and tolerancing to control the form of 
features. 


8.2 FORM CONTROL 


Form tolerances control straightness flatness, cire- 
larity, and eylindrcty. When specifying form tolerance, 
consideration shall be given to the control of farm 
already established through other tolerances such as size 
(Rule #1), orientation, runout, and profile controls. See 
paras. 5 and 581 and Figure 5-7. 


8.3 SPECIFYING FORM TOLERANCES 


Form tolerances critical to function or interchange- 
ability are specified where the tolerances of size do not 
provide sufficient contro. А tolerance of form may be 
Specified where no tolerance of size Is given, eg. inthe 
control of flatness ater assembly of the part. А form 
tolerance specifies a zone within which the consid-ered 
feature, its line elements ts derived median line, oF ts 
derived median plane must be contained 


А FORM TOLERANCES 


Form tolerances are aplicable to singe (individual) 
features, elements of singe features, sing features of 
sire, and single features established by the application of 
the “CF symbol; therefore, form tolerances are not 
related to datums. Paragraphs 84.1 through 4.4 cover 
the particulars of the form tolerances, Le. stralght-ness, 
Matness, circularity, and cylindricity. 


8.4.1 Straightness 


А straightness tolerance specifies a tolerance zone. 
within which the considered clement of a surface or 
derived median line shall ие А straightness tolerance is 
applied in the view where the elements to be controlled 
are represented by a straight line. 

ВАЛА Straightness of Line Elements. Figure 8-1 
изго the use of straightness tolerance on a at surface. 
Exch ne element of the surface shall be between two. 
parallel lines separated by the amount of the prescribed 
Strightnesstleranee and in a direcion indicated by the 


ма 


‘orthographic view or by supplemental geometry in the. 
model. Straighiness may be applied to control line 
«elements in asingedirectionon a Nat surface; И тау also 
be applied in multiple directions. The straightness 
tolerance shall be less than the size tolerance relative to. 
any opposed surfaces and any other geometric toler- 
ances Вай affect the straightness of line elements except 
ое those features where Ше “Iree state or the “Indepen 
dency” symbol is applied, Where function requires the 
line elements to be related to а datum feature(s), the 
profile of a line shall be specified relative to datums. See. 
Figures 11-38 and 11-34, 

8.4.1.2 Straightnoss of Line Elements on the 
Surface of Cylindrical Features. Figure 8-2 shows an 
‘example of a cylindrical feature in which ай circular 
elements ofthe surface are w be within the specified size 
tolerance. Each longitudinal element of the surface shall 
Me between two parallel lines separated by the amount of 
the prescribed straightness wlerance and in a plane 
common with the axis of the unrelated AME of the 
feature. The feature control frame is attached о a leader. 
directed t the surface or extension ine of the surface but 
‘not to the size dimension. The straightness tolerance 
Shall be les than the size tolerance and any other 
коте tolerances that affect the stralghness of line 
elements except for those features where the “re state” 
‘or the “independency” symbol is applied. Since the limits 
о! size must be respected, the full straght-ness tolerance 
may not be available for opposing elements In the case of 
жай or barreling of the surface, See Figure B- 


8413 Derived Median Lino Straightness. When the 
feature control frame н associated май the siae dimen lon 
ос attached to an extension of the dimension Ме of a 
lirica feature the straghtness tolerance apples to the 
derived median line of the india feature. А diameter 
symbol precedes the tolerance value indicating a cylindrical 
tolerance ове, and the tolerance is applied on an RPS, MMC, 
or LMC basi The tolerance value may be greater than the 
sive tolerance: the boundary of perfect frm at MMC does 
mot apply. See Figures 0:2 and 9-4 When the straightness 
tolerance at ММС в used in conjunction wilh an orientation 
or postion tolerance at MMC, the specified straightness 
tolerance vale shall not be greater than the spectied 
iorentation ur postion 


tolerance value and does not contribute to the IB or OB of 
‘the position or orientation tolerance. The collective effect 
‘ofthe MMCsizeand form tolerance produces a VC. ОВ, ог 
ТВ resulting from the form tolerance but does not affect 
the IB ог OR created by any orientation or position 
tolerances on the feature. Se Figure 7-22. 

When applied on an ММС basis, as in Figure 0-4, the 
maximum straightness tolerance the specified tolerance 
plos the amount the actual local s ol the feature departs 
from из MMC sie, The derived median line ofthe actual 
Feature at MMC shall be within а cylindrical tolerance өше 
as speed. As each actual local ча departs from MMC. an 
Increase In the local diameter of the tolerance mac в 
allowed that is equa to the amount of this departure Each 
circular element of the surface (Le actual lacal siar) shall be 
within the specified mis ose 

When applied RFS. as in Figure 9-3, the maximum 
straightness tolerance is the specified tolerance. The 
derived median line of the actual feature RFS shall be 
‘withina cylindrical tolerance zone as specified. When the 
straightness tolerance RFS is used in conjunction with an 
‘orientation tolerance RFS or position tolerance RES, the 
‘specified straightness tolerance value combines with the 
specified orientation or position tolerance value and. 
‘contributes to the 18 ог ОВ of the postion or orientation 
tolerance. 


ВАЛА Applied on a Unit Basis Straightness may be 
‘plied om à unit basis as а means of limiting an abrupt. 
‘surface variation within a relatively short length of the 
feature. See Figure 85. When using unit control on a 
feature of size, maximum limi is typically specified to. 
limit the relatively large theoretical variations that may 
result left unrestricted the unit variation appears as a 
bow" In the toleranced feature, and the bow is allowed 
to continue at the same rate for several units, the overall 
tolerance variation may result in an unsatisfactory part. 
Figure 8:6 Illustrates the possible condition in which 
‘straightness per unit length given in Figure В-5 is шей 
alone, Це. И straightness for the total length is not 
specified, A multiplesegment feature control frame 
showingonesymbol or multiple single segments may be 
used. See para, 4422. 


8.4.2 апове 


А atnes tolerance species a tolerance one defined by 
‘wo parallel planes within which the surface or derived 
median plane shall be. When fitness tolerance spec fed 
on asurtce the feature control frame в attached taa leader 
ect to the surface or to an extension line of the surface 
See Figure 8:7, With fatness of a surface, where the 
unsere surface В associated with а sie dimension he 
fatness trance shall be less than the se tolerance except 
for those features to which the “ree state” or “nde 
pendency” symbol is applied. When the “independency” 
‘symbols applied ath зае dimension, the requirement 
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for perfect form at ММС is removed and the form 
tolerance may be larger than the size tolerance. 

8.4211 Application of Flatness RFS, MMC, or LMC 
to Width. Flatness may be applied on an RFS, MMC, or 
LMC basis to width features of size, and the tolerance. 
value may be greater than the size tolerance; the 
boundary of perfect form at MMC does not apply. In this 
Instance the derived median plane shall е ina tolerance 
zone between two parallel planes separated by the 
amount of the tolerance, Feature control frame 
‘placement and arrangement as described in рог. 4.1.3 
apply, except the diameter symbol is not used, since the 
tolerance zone is a width See Figures 8-8 and 84. 


Piatness may be 
fanit basis as a means of limiting an abrupt 
Surface variation within a relatively small area of the 
feature. The unit variation s used either in combination 
with a specified total variation or alone. Caution should 
be exercised when using unit control alone for the 
reasons given in pora. ПАЛА, Since flatness involves 
Surface area, the sie of the unit area, e, a square area 
725 X 25" ora circular area "25" in diameter, в specified 
to the right of the flatness tolerance, separated by а slash 
A multiple-segment feature control frame may be used 
Showing one symbol as illustrated in the figures below) 
‘or multiple single-segment frames may be used, as inthe 
following examples: 


[ 


8.4.3 Circularity (Roundness) 


A аеону tolerance species a tolerance zone bounded 
Бу two concentric ales win which each сто element 
the surface shal Це, and apples independent at any 
plane described рога. (а) and 3/0), See eures 

And 8-11. А callout for ccularay shall be spelled on 
Surface and not оз шше dimension. Те еу tolerance 
shall be less than the ше tlerance and other geometric 


Clos 


NOTE See ANS 0921 and ASME VIAM for further intor- 
МЕ 


8.4.4 Cylindricity 


А суйду trance species a tolerance zone 
bounded by two concentric cylinders The surface shall be 
Кама these two concentre linders. ін the cae of li 
ray, unie that of crear the tolerance applies simul- 
taneously to boh circular and longitudinal elements of the 
surface (the entire surface) See Figur 8-12. When shown in 


orthographic views, the leader from the feature control 
frame may be directed to either view. The cylindricity 
tolerance shall be less than the size tolerance excep for 
those features where the “free state” or “independency” 
symbol is applied. A callout for cylindricity shall be 
‘specified on a surface and not to a size dimension. 
Cylindricity may be applied on а unit basis as a means of 
limiting an abrupt surface variation within a relatively 
short length of the feature. 

NOTE The dry tolerance и compost contra of torm 


that incas circularly агаве, ad aper of a ld 
[ro 


8.5 AVERAGE DIAMETER 


Аа average diameter ls the average of several diametric 
measurements across a circular or cylindrical feature. The 
individual measurements may violate the mis of ле, but 
the average value shall be within the ішін сізше ТУРС. 
an average diameter is speied for parts that are 


Invoking average diameter constitutes an 
‘exception to Rule #1 for the ste tolerance; se para. $82. 
rere 8-13, Минато 

(a) and (b) (simplified by showing only two measure- 
ments) show the permissible diameters inthe fee state 
for two extreme conditions of madmum average 


anywhere between the maximum and minimum limits. 
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Figure 8-4 Spectying Straightness at MMC 
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Figure 8-6 Possible Results of Specifying Straightness 
per Unit Length RFS, With No Specified Total 


Fire 87 Spectying Ratness of a Surface. 
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Figure 8.3 Specifying Ratness of a Derived Median Plane at MMC 
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‘Figure 1 Specifying Circularty ot a Sphere 
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Figure 8-12 Specifyng Cylindicty 
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Section 9 
Tolerances of Orientation 


GENERAL 


‘This Section establishes the principles and methods of 
‘dimensioning and tlerancing to control orientation of 
Features. 


9.2 ORIENTATION CONTROL. 


Orientation tolerances control angularity, parallelism. 
and perpendicularty Le. all angular relationships. Note 
that an orientation tolerance, when applied to a plane 
‘surface, controls flatness to the extent of he orientation 
tolerance unless the tangent plane symbol is added. 
When the fatness control ın the orientation tolerance ls 
not sufficient a separate fatness tolerance should be. 
‘considered. See Figure 7-15. An orientation tolerance. 
‘doesnot contol the location ol features. When specifying 
эп orientation tolerance, consideration should be piven to 
the control of orientation already established 

‘other tolerances, such as position, runout, and profile 
‘control. See Figures 10-8 and 10:9. 


З SPECIFYING ORIENTATION TOLERANCES 


When speciving an orientation tolerance, the 
tolerance zone shal be rete to one or more dotum 
же Figures 7-15 and 94, Оденацот міне are 
Constrained oniy in rotational degrees of em rate 
tothe referenced datos: they are ot contained in 
translational degrees of eedom. Thus, wi orientation 
лактоо ven оле stances wher dium features 
may conta a degrees of freedom. the tolerance zone 
ny rent V һи алып relrece Fame, Salient 
"atm. feres shall be пка а constrain бе 
required rotational degrees о! тесі he primary 
Чыт etre shone do not como fiin deze» 
“тейт, atonal datum features shal! be speed 
An angry tolerance may be applied o э surface 
ies piane, rs Vm (ra. 
поре рем or e Base ange from 
ий 


9.3.1 Orientation Tolerance Zone 
An orientation tolerance specifies a zone within which 


the considered feature, Из line elements, its aus, or 
center plane shall be contained. 
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9.3.2 Orientation Tolerance 


An orientation tolerance specifies one ofthe following: 

(0) a tolerance ише defined by two parallel planes at the 
specie basic ange from, parallel ta, oF perpendicular o. 
fe or more datum planes or datum axes within which the 
Surface, aus ог center plane ofthe considered feature shall 
be contained. Se Figures 9-1 through 97. 

(B) a cylindrical tolerance zone at the specified basic 
angle from, parallel to, or perpendicular to one or more. 
‘datum planes ог datum axes, within which the ais of the 
considered feature shall be contained. See Figures 9:8 
through 9-15. 

(9 э tolerance one defined by two parallel Ines at the 
specified base angle rom. prall па o perpendicular toa. 
datum plane or өлі, whin which the Une element ofthe 
‘surface shal be contained See Pures 9-16 through 9-11. 


9.3.3 Application of Each Elomont's 
Tolerance Zones 


Tolerance жөке apply to the full extent of a Feature, UOS, 
When it a requirement to омин only individual Ine 
‘ements ө a surface, a qualdying notation, such as “EACH 


the total surface to an encompassing mne. Each distance 
between the lae element tolerance zone boundaries 
the as designed theoretically perfect 
surface. Orientation tolerances only constrain rotational 
degrees trem relative tothe referenced datum. 
‘Adding a notation such as "EACH RADIAL ELEMENT" 
Invokes a translational degree of freedom that cannot be. 
controlled by orientation tolerances. When control of 
radial elements is required, profile shall be used. See 
занесна 


9.3.4 Application of Zero Tolerance at MMC 


When no variations of orientation are permitted at the 
MMC size limit of feature of size, the feature control 
frame contains a zero or the tolerance, modified by the 
symbol for ММС If the feature of size sat its MMC limit 
of size, it shall Бе perfect in orientation with respect to 
the datum. A tolerance can exist only as the feature of shae 
departs from MMC The allowable orientation tolerance Is 
equal to the amount of the 


departure. See Figures 9-14 and 9-15. These principles 
are also applicable to features of size toleranced for 
orienton at LMC There may be applications in which. 
the full additional allowable tolerance does not meet the 
functional requirements. In such cases, the amount of 
additional tolerance shall be limited by stating “MAX 
following the MMC modifier ее Figure 9-15. 


3.5 Explanation of Orientation Tolerance at 
MMC 


An orientation tolerance applied at MMC may be 
explained In terms of the surface or the axis of a 
cylindrical feature or the surfaces or center plane of a 
width feature, In certain cass of extreme form deviation 
ао of size) of thecylinder or width feature, the 
Tolerance In terms of he feature ais or center plane may 
not be equivalent to the tolerance їп terms af the surface. 
In such cases, ће surface method shall take precedence. 
as In Figure 10-6, 

(а) In Terms ofthe Surface ofa Hole While maintaining 
the specified size limits of a hole, по element of the hale 
surface shall be inside a theoretical boundary (VC) 
Constrained in rotation to the datum reference frame. See 
Figure 10-6. 

10) In Terms of the Anis of a Hole When a ole в ММС 
(minimum diameter), the feature ais shall fall within a 
finde tolerance sone whose anis is constrained in 
Toon to the datum reference frame. The ans fa feature 
is tne axis of the unrelated АМЕ The diameter of this zone в 
equat ta the orientation tolerance See Figure 9-14. ly 
when the Мае в at ММС thatthe ређе tolerance one. 
applies. When the unrelated АМЕ size о the hole в larger 
than MMC, the orientation tolerance increases. This increase 
ol orientation tolerance в equal to the diference between 
the spected MMC lm 
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of size and the unrelated AME size of the hole When the. 
‘unrelated AME size is larger than MMC, the specified 
Orientation tolerance for a hale may be exceeded and sl 
‘Satisfy funcion and interchangeably requirements 
NOTE These concepts are equally applicable to ai tures of 
sine cept eres 


9.4 TANGENT PLANE 


When it is desired to control a tangent plane 
established by the contacting points of a surface, the 
tangent plane symbol shall be added їп the feature 
‘contro frame after the stated tolerance. See Figures 9-17 
and 9-10, When a tangent plane symbol і specified with 
э geometric tolerance, a plane contacting the high points 
of the feature shall be within the tolerance zone 
‘established by the geometric tolerance. Some points of 
the toleranced feature may Пе outside of the tolerance 
zone. The form of the toleranced feature is not controlled 
by the geometric tolerance. When irregularities on the 
surface cause the tangent plane to be unstable (Ls It 
rocks when brought into contact with the corresponding 
toleranced feature, see ASME YI4 АМ for definition of 
mathematical requirements. 

NOTE The ange plane symbol strated with orientation 
race, мате may di hve сит wa her 
par racer sas such типом and roe 
een pp ta par estra 


9.5 ALTERNATIVE. PRACTICE 


As an alternative practice, the angularity symbol may 
be used to control parallel and perpendicular 
relationships. The tolerance zones derived are the same 
as hose described in para. 9.12, See Figure 9-4, 


Figure 9-3 Specifying Perpendicularity for a Plane Surface 
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Figure 94 Specitying Orientation fora Plane Surface Relative to Two Datums 
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Figure 9-5 Specifying Perpendiculary for a Center Plane (Feature RFS) 
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Figure 9-6 Specitying Angulanty for an Axis Feature RFS) 
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Figure 9-7 Specifying Parallelism for an Axis (Feature RFS) 
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Figure 9-12 Specifying Perpendicuartyfor an Axis (Pin or Boss RFS) 
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Figure 9-13 Speciying Perpendicular for an Axis Showing Acceptance Boundary (Pin or Boss at MMC) 
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iure 9-16 Specifying Orientation fora Curved Surface Relative to a Planar Datum Feature 


Figure 9-17 Specifying Parallosm With a Tangent Plane and Profle o a Surface 
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Figure 9-18 Specifying Parallelism With a Tangent Plane 
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Tolerances of Position 


10.1 GENERAL 


‘This Section establishes the principles of tolerances of 
location through application of position tolerances. Po s1 
tlonmaybeusedtocontroltherallowing 
relationships: 

(a) center distance between features of size such as 
holes, slots, bosses, and tabs 

(b) location of features of size [suchas In (а)] asa 
group from datums 

(С) coaxial relationships of features of size 

(d) symmetrical relationships f features 


10.2 POSITIONAL TOLERANCING 


А positional tolerance establishes requirements as 
‘explained in (a) and (b) below. 

(а) a zone within which the center point, axis, or 
‘center plane of a feature of size is permit to vary from 
“true (theoretically exact) position 

(0) (where specified on an MMC or LMC basis) a 
boundary, defined as the VC, located at the true (theore. 
tically exact) positon, that shall not he violated by the 
surface or surfaces of the considered feature of size 
Basic dimensions establis 


Positional tolerance shall be indicated by the position 
symbol, а tolerance value, applicable material condition 
modifiers, and appropriate datum feature references 
placed ina feature control frame. 


10.2.1 Components of Positional Tolerancing 


Paragraphs 10211 through 10213 describe the 
components of positional tolerancing, 

10.2.1.1 Dimensions for True Position. Dimensions 
used о locate true position shall be basic and defines in 
“accordance with para. 51.12. See Figure 10-1. For ap- 
plicable notes in digital data йез, see ASME АТ. 

10.2.1.2 Use of Feature Control Frame. A feature 
control frame is added to the notation used to specify the 
size and number of features. See Figures 10-2 through 
10-4, which show different types of feature pattern 
dimensioning 


10.2.1.3 identifying Features to Establish Datums 
їз necessary to identify features or features of size ona 
part to establish datums for dimensions locating true 
positions except where the positioned features establish 
"he primary datum. (The exception is explained in para. 
10623) For example, in Figure 102, И dotum 
references had been omitted, it would not be clear 
whether the inside diameter or the outside diameter was 
‘he intended dotum feature for the dimensions locating 
iue positions. The intended datum features are 
identified with datum feature symbols, and the applicable 
datum feature references are included іп the feature 
control frame. Рог Infor-mation on specifying datums in 
an order of precedence, see subsection 7.10, 


“This subsection ls а general explanation of positional 
tolerancing, 


10.3.1 Material Condition Basis 


Positional tolerancing shall be applied onan MMC, RFS, 
or LMC basis. When MMC or LMC s required, the appro- 
ES 


to Positional Tolerancing 


The design or function of a part may require the posi- 
tional tolerance to be maintained regardless of the 
features unrelated AME size. RPS, where applicable to 
the positional tolerance associated with a feature of size, 
requires the ans, center plane, or center point ог each 
feature of size to be located within the specified posi 

al tolerance regardless of the size of the feature. In 
Figure 105 the sixholes may vary in size from 25 dia. to 
256 dia. Each hole axis shall be located within the 
Specified positional tolerance regardless of the size of the 
hole. 


10.33 MMC as Related to Positional Tolerancing 


When positional tierancing at MMC is specified, the 
stated positional tolerance applies at the feature size 
mi dat results in the maximum material in the part. 
MMC should be specified in positional tolerancing 


1% 


applications when the functional consideration isto fit 
‘with mating features while allowing an Increase in toler- 
ance as the feature of size departs from ММС See para 
541 regarding perfect form at MMC. 

10.3.31 Explanation of Positional Tolerance at 
MMC. A positional tolerance applied at MMC may be 
explained in terms of the surface ог the аз of the feature 
of size. In cases of form or orientation deviation of the 
feature of size, he tolerance requirements in terms of the 
axis method are not equivalent to the tolerance 
requirements interms of the surface method. The surface 
method shall take precedence. See Figure 10-6 for an 
example of possible anis Interpretation error due to form 
deviation. The axis method is shown in this Standard for 
visualization purposes. See ASME Y14.5.1M. In some. 
Instances, the additional tolerance may indirectly benefit 
features other than the one that departed from MMC. 

(a) Surface Method. While maintaining the specified 
зае тих of the feature, no element of the surface shall 
Violate a theoretical boundary (VC based on the feature 
MMC and the specified position tolerance) located at rue 
position: See Figures 10-7 and 10-8. 

(0) Axisor Center Plane Method. When a feature of size 
Isat MMC, Its anis or center plane shall fall within a toler- 
ance zone located at true position The sizeof this zone is 
equal to the positional tolerance. See Figure 109, 
illustrations (а) and (b). This tolerance zone also defines 
the mis of variation in the orientation of the as or 
center plane ofthe featur of size in relation to the datum 
surface. See Figure 10-9, Illustration (c). I is only where. 
the feature of size is at MMC that the specified tolerance 
value apples. Where the unrelated АМЕ size of the 
feature of size departs from MMC, positional tolerance 
Increases. See Figure 10-10. This increase of positional 
tolerance is equal to the difference between the specified 
MMC limit of size and the unrelated AME size. 

10332 Calculating Positional Tolerance. Figure 10 
11 shows a drawing for one of two identical plates to be 
assembled wth four 14 maximum diameter Lateners The. 
1425 minimum diameter clearance hole are selected wth 3 
эне tolerance as shown. The required pasional tolerance 6 
found by appropriate calculation methods for he specie 
application, See Nonmandatory Appendix B. The folowing 
formula does по accommodate factors other than hole and 
fastener diameter tolerances. 

T= H-F 
= 1425-14 
0.25 diameter 


Note that W he dearance holes were келей exactly at 
true position, їп theory the parts would stil assemble with 
clearance bales as small as 14 diameter. However, other- 
wise usable parts ний dearance holes smaller than 1425 
diameter would be rejected for violating the ше humit. 
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10.3.4 Zero Positional Tolerance at MMC 


The application of MMC permits the positon tolerance 
зове to increase toa larger value than the value specified, 
provided the features of size are within the size limits 
amd the feature of size locations make the part 
acceptable. However, rejection of usable parts can occur 
‘when these features of size are actually located on or 
close to their true positions but are produced toa size 
Smaller than the specified minimum (outside of limits). 
The principle of zero positional tolerancing at ММС 
allows the maximum amount tolerance for the function 
‘of assembly. This is accomplished by adjusting the 
minimam size limit of hole to the absolute minimum 
required for insertion ofan applicable maximum fastener 
located precisely at true position, and specifying а zero 
positional tolerance at MMC. In this case, ће positional 
Tolerance allowed is totally dependent onthe unrelated 
АМЕ size of the considered feature, as explained In para. 
584. Figure 10-12 shows a drawing of the same part 
shown in Figure 10-11 with a zero positional tolerance at 
MMC specified. Note that the maximum size limit of the 
‘clearance holes remains the same, but the minimum was 
adjusted to correspond with а 4-dlameter fastener, The 
results an increase of th size tolerance for the clearance 
holes, withthe increase equal to the posi-tonal tolerance. 
‘specified ln Figure 10-11. Although the positional 
tolerance specified іп Figure 10-12 is zero at MMC, Ше 
positional tolerance allowed increases directly with the 


10.3.5 LMC as Related to Positional Tolerancing 


Where positional ите at LMC i specie, the 
stated positional trance applies atthe feature ste lit 
‘that results in the least material in the part Speciation o 
AC requires perfect form at LMC. Perfect form at MMC в. 
ма required. Where the features minimum material 
envelope departs frm ls LMC lint йе за increase in 
расова tolerance % allowed, equal to the amount of the 
departure See Figure 10-13. LMC shall be specified ln 
телімі teaming applications when the functional 
onsderation ts ensure that a minimum distance 6. 
‘maintained vie allowing an increase intolerance asthe 
feature of ае departs from LMC See Figures 


10-14 through 10-18. LMC may be used to maintain a 
desired relationship between the surface of a feature and 
lts true postion at tolerance extremes. As with MMC. the 
surface method shall take precedence over the aus 
method. See para. 10231 and Figure 10-6. 

10.3.5.1 LMC to Protect Wall Thickness Figure 10- 
14 illustrates а boss and hole combination located by 
basic dimensions. Wall thickness is minimum when the 
boss and hole are at their LMC sizes and both features of 
‘size are displaced in opposite extremes. As cach feature 
of size departs from LMC, the wall thickness may 
increase. The departure from LMC permits а 
corresponding increase in the positional tolerance. thus 
maintaining the desired minimum wall thickness 
between these surface. 

103.52 LMC Applied to Single Features of Sie, Luc 
may abo be applied t single features of ше, such as the 
hole shown In мге 10-16. In this example, the postion of 
the hole relative по the тше web is енші When LMC в. 
applied, an increase in the ријала tolerance п permite 
Ме protecting the wali thickness. 

10.3.53 Zero Positional Tolerance at LMC. The 
application of LMC permits the tolerance to exceed the 
Value specified, provided features of size are within the 
size limits and the feature of size locations make the part 
acceptable However, rejection of usable parts can occur 
where features of sae, such as holes, эге actually located 
on orcloseto ther true positions but are produced larger 
than the specified maximum size (outside of пе mit). 
The principle of zero positional tolersncing at LMC may 
be used in applications in which i is desired to protect a 
minimum distance on a part and allow an increase in 
tolerance when the toleranced feature departs from LMC. 
This s accomplished by adjusting the maximum size limi 
ога hole to the absolute maximum allowed to meet 
functional requirements (such as wall thickness] while 
specifying zero positional tolerance at LMC. When this 
is done, the positional tolerance allowed is totally 
dependent on the actual minimum material size of the 
considered feature of size. Figure 10-15 shows the same 
drawing as Figure 10-14, except Ње tolerances have been 
‘changed w show zero positional tolerance at LMC Note 
that the minimum size imit of the hole remains the same, 
but the maximum was adjusted to correspond with a 
20.25-diameter VC. This results ln an increase of the size 
tolerance for the hole, with the increase equal to the 
positional tolerance specified in Figure 10-14. Although 
the positional tolerance specified in Figure 10-15 is zero 
at LMC, the positional tolerance allowed is directly 
related о the minimum material hole size as shown by 
the following tabulation: 


10.3.6 Datum Feature Modifiers in 
Positional Tolerances 

References to datum features of зіне shall be made 
RMB or at MMB or МВ. 

103.61 Datum Features RMB. The functional 
requirements of some designs may require that a datum 
feature be applicable RMB. That is, И may be necessary to 
require the axis of an actual datum feature (such as 
datum diameter Bin Figure 10-5) to be the datum axis for 
the holes in the pattern regardless of the datum features 
size. The RMB application does not permit any 
translation or rotation between the axis of the datum 
feature and the tolerance zone framework for the pater. 
‘of features, where the datum feature size varies. 


10.362 Displacement Allowed by Datum 
Features at MMB. For some applications, a feature or 
group of features (such as а group of mounting holes) 
‘may be positioned relative to a datum feature(s) of size at 
ММ. See igure 10-19, where displacement ls allowed 
when the datum feature departs from ММ 

10.36.21 Datum Feature of Size at MMB. When 
‘datum feature is и MMB, ts ais or center planets coin- 
‘ident with the datum axis or datum cemer plane and it 
determines the location of the pattern of features as a 
group. The tolerance zone framework is constrained in 
translation on the datum auis or center plane. See Figure 
10-19, illustration (a). 

103822 Departure ot Ostum Features From MMB. 
When a datum feature departs from MMB, relative move- 
‘ment can occur between the datum axis or datum center 
plane and the axis or center plane of the related AME of. 
"atum feature В. See para 711.11 and Figure 10-19, 
аз чавоп (b). 

(а) Effect on Considered Features. The amount of the 
datum festur's departure from MMB does not provide 
additional positional tolerance for each considered 
Feature in relation to the others within the pattern, but it 
does allow the pater of features as a group to move 
‘within the amount of departure. 

(b) Inspection Method Variation. Ma functional gage is 
used to check the par, the relative movement between. 
datum axis В and the axis of the datum feature is auto- 
matically accommodated. However, this relative move- 
ment shall be taken into account open setup inspection 
methods are used. 


10363 Displacoment Allowed by Datum Features at 
MB. For some applications, a бише or group of estares may 
эе positioned relative to a datum име ж 1МВ. Se Figure 10- 
E In such a cae allowable displacement results when the 
ditum feature departs rom LMB. 


10.4 POSITIONAL TOLERANCING 
FUNDAMENTALS — I 


‘This subsection expands on the principles of the generat 
explanation of positional volerancing in subsection 103. 


10.4.1 Projected Tolerance Zone 
The application of the projected tieranee one shal be 


to imerfere with mating parts See Figure 10-20. An 
Interference can recur where a есе speed fr the 
location of a threaded or pressit hole and the hae іе 
(ибей within the positional limits. Une the fasting 
fastener application Involving clearance holes only, the 
тетеп ofa fined fastener governed by the produced 
hole into which it assembles. Figure 10-21 ог how 
the projected tolerance one concept гезімі-айу treats the 
tendon shown in Figure 10-20, Nate that tive variation 
In orientation of he portion af the fastener passing though 
the mating part that в significant. The location and 
orientation ofthe threaded Мак are only important notar 

ex the extended portion ol he engaging fastener. 
Where design considerations require loser contre in the 
entation of a threaded hole than is required by the 
Positional tolerance, am orientation tolerance applied a a 
projected tolerance sone may be specified. See Figure 9- 
To control the feature within the part om addtional 
tolerance may be specified. Where a composite Feature 
Sont rame is used, the placement of the projected 
tolerance zone symbol в defined in para 105.17, Where 
multiple sie segment feature vantro frames are used the 
projected tolerance ome symbol shall be shown im all 
applicable segments, 

1041.1 Clearance Holes in Mating Parts. Specifying a 
projected tolerance zone ensures that ied fasteners do not 
Interfere with mating parts having erase Вей ses d e t 
erminedbytheformulasrecommendedia 
Nonmandatory Appendix & Further enlargement of cear- 
ance holes to provide for extreme variation in orientation of 
the fastener may not be necessary. 

10442 Projected Zone Applicaton tor 
Orthographic Views. Figures 10:22 and 10-23 Ване. 
the application uf a рај tolerance using a prosted 
tolerance ane їп an orthographic view. The specified value 
for the projected terae зове в а minimum and 
represents the maximum permisible mating part thickness 
or he maximum instilled length or height of the 
Componenta, such as screws suds or dowel pins See para 
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104.3. The direcion and height ог the projected toler- 
ance tone are indicated as illustrated. The minimum. 
extent and direction of the projected tolerance zone are 
shown in a drawing view as a dimensioned value with a 
‘hain line drawn closely adjacent to an extension of the. 


tion and the specification ofa projected tolerance zone ls 
‘unnecessary. However, a projected tolerance zone is ap- 
plicable when threaded o plain holes for studs or pins 
эге located on a detall рай drawing, In these cases, the 
specified projected height shall equal the maximum 
‘permissible height of the stud or pin after installation, 
not the mating part thickness, See Figure 10-24, 


10.4.2 Coaxial Features. 


When positional tolerances эге used to locate coaxial 
features, such as counterbored holes, he following prac 
tices apply: 

(a) A single feature control frame, placed under the 
и in, sap Uns 
‘positional tolerance forall the coaxial features, бес 
1025 Metal diameter tolerance zone lor all comal 
features are constrained in translation and rotation at the 
true position relative to the specified datums. 


(0) When different positional tolerances are used to 
locate two or more coaxial features, multiple feature 
control frames are used. A feature control frame ік 
applied to each comal feature. See Figure 10-26, where 
йети diameter tolerance zones for hole and 
counterbore are coaxially located а the true positon rel- 
ative tothe specified datums. 

(c) When positional tolerances are used to locate holes 
and contol individual coaxial relationships relative to 
dierent dotum feature, two feature contol frames may. 
‘be used as in (0) In addition, a note shall be placed under 
the datum feature symbol for one coaxial feature and 
another under the feature control frame for the other 
coaxial feature, indicating the number of places each 
applies on an individual basis. Se Figure 10-27. 


10.43 Closer Control at One End of a Featuro 
of Size 


When design permits different positional tolerances 
тау be specified for the extremities of long holes; this 
«шынде a conical rather than a cylindrical tolerance 
зове. See Figure 10-28. 


10.4.4 Bidirectional Positional Tole rancing 
of Foaturesof Size 


When itis desired to specify a greater tolerance in one 
direction than another, bidirectional positional toleran- 
‘lng may be applied Bidirectional positional tolerancing 
results in а noncylindrical tolerance zone for locating 
round holes; therefore, the diameter symbol shall be 
‘omitted from the feature control frame in these 
applications. 

NOTE: A further refinement of ination within the portional 
tolerance moy he rere 


10.441 Rectangular Coordinate Method. For 
features located by basic rectangular coordinate dimen- 
sions, separate feature control frames are used to 
Indicate the direction and magnitude of each positional 
Tolerance relative to specified datums. See Figure 10-29. 
The feature control frames are attached to dimension 
lines applied in perpendicular directions. Each tolerance 
value represents a distance between two parallel planes 
‘equally disposed about the tre position. 

10442 Polar Coordinate Method. Bidirectional 
posl tonal tolerancing may also be applied to featur 
located by basi polar coordinate dimensions relative 
specified datums. Whena different tolerance is desired in 
‚ach direction. one dimension line shall be applied ina 
radial direction and the other perpendicular to the line- 
centers, The positional tolerance values represent 
distances between two concentric are boundaries (for the 
radial direction), and two planes parallel to the plane 
between the centers and equally disposed about the true 
position. See Figure 10:50, where a further requirement 
‘of perpendicularity within the positional tolerance zone 
has been specified. In all cases, the shape and extent of 
the tolerance zone shall be made cler 


104.5 Noncircular Features of Size 


Sant a distance between two parle! planes therefore the 
diameter symbol shall be omitted from the feature control 


frame See Figures 10-31 and 10-32. 


104.51 Noncircular Features of Size at MMC. 
When a positional tolerance of a noncireular feature of 
size applies at MMC, the following apply: 

(а) In Terms of the Surfaces of a Feature of Sie. While 
maintaining the specified size limits of the feature, no 
Surface element of an internal feature of size shall be 
Inside a theoretical boundary located at true position 


and no sufaceclement ofan external feature of size shall 
be outside 3 theoretical boundary located at true 
Position. Sce Figure 10-33. 

(8) In Terms of the Center Pane of a Feature of Size. 
When a feature of size is at MMC, its center plane must 
{all within a tolerance zone defined by two parallel planes 
equally disposed about the true position: The width of 
this zone is equal to the positional tolerance. See Figure 
10-34. This tolerance zone also defines the limits of varia- 
tion n the orientation of the center plane of the feature of 
‘size in relation to the referenced datums. гіс only where 
the feature of size is at MMC that the specified tolerance 
zone applies. When the unrelated AME size of an internal 
feature of sie is larger than MMC, additional positional 
tolerance results. Likewise, where the unrelated AME sae 
of an external feature of size is smaller than MMC, addi- 
tional positional tolerance results. This increase of posi- 

‚nal tolerance is equal to the difference between the 
specified MMClimitofsizeand the unrelated AME size of 
the feature of size. 

(9 In Terms of the Boundry of а Fictre of Sine A posi- 

Bonal tolerance applied toa feature of зае establishes a 
control of the surface relative to a boundary. While main- 
ling the specified sine ts of the feature of sie, во 
element ls surface shall violate а theoretical boundary f. 
‘dential shape омей at true positon. For an internal 
feature, the sine f the boundary equal to the MMC sire of 
the feature minus its postinal tolerance Ser Pure 10: 
ora external estre, the sine of the boundary W equal to 
{the MMC sse of the feature plas ts postional tolerance. The 
term “BOUNDARY” may be placed beneath the feature 
contre trames but в not required. In his example, a greater 
postional trance и alowed fr length than {or width. 
When the same positional tolerance can be allowed for 
bath ony onc feature contra frame i necessary directed 10 
the feature by а leader and separated from the ate 
dimensions. 
NOTE: This method may або be applied о other rear 
ed etre of ше when re tolerance taped io he. 
estore and the cemer ө mot coment Menai Ме 
КҮ 


30.4.52 LMC Applied to а Radial Pattern of Slots. 
in Figure 10-17, а radial patter of slots is located 
relative w an end face and a center hole. LMC is specified 
to maintain the desired relationship between the side 
surfaces of the slots and the true position, where 
rotational alignment with the mating part may be critical 


10.4.6 Spherical Features 


А positional tolerance may be used to control the loca- 
tion of a spherical feature relative to other features of a 
part See Figure 10:36, The symbol for spherical diameter 
[recedes the size dimension of the feature and the posi 
‘onal tolerance value, to indicate a spherical tolerance 
zone When it is intended for the tolerance zone shape 


to be otherwise, dimensions shall be shown, similar to. 
the examples shown іп Figures 10-29 and 10:30 for a 
bidirectional tolerance zone of 3 cylindrical hole. 


10.4.7 Nonparallel Axis Hole Pattems. 


Positional tolerancing may be applied to a pattern of 
holes where axes are neither parallel o each other nor 
normal to the surface. See Figure 10:37. 


10.4.8 Repetitive Pattern of Features of Size. 
Related to a Repeated Datum Reference 
Frame 


When positional tolerances are used to locate patterns 
of features of size relative to repetitive datums, the 
feature contol frames and datums. are specified as 
shown in Figures 10-27 and 10:38. The same note shall 
ho placed beneath or adjacent to the datum feature 
symbol and also beneath or adjacent to the feature 
control frame for the controlled features of size 
Indicating the number of places euch applies on an 
Individual basis. To establish association with one line of 
а multiple-segment feature control frame, placement 
shall be adjscent to the applicable segment. When the. 
individual requirements are shown on the main view or 
in а CAD model without а detail view, the indication of 
the number of occurrences shall be shown. Figure 10-38 
shows the application of individual requirements in a 
etal view. When э detail view includes a notation ofthe 
number of oceur-rences of that detall view, then the "6X. 
оп the “INDIVIDUALLY” notation may be omitted. The 
"EX INDIVIDUALLY” notation beside he datum feature D 
symbol indicates that each of the six occurrences of the 
79.4-dlameter hole acts as a separate datum feature and 
establishes a separate datum D. The “6X INDIVIDUALLY 
notation associated with the second segment of the 
positional tolerances on the "4X" 26-diameter holes 
indicates that each pattern of four holes has a tolerance 
зове framework located relative to the specified datums. 


10.5 PATTERN LOCATION 


A pattem of features of size may have multiple levels of 
positional control required. The patter of features of 
Size may require larger tolerance relative to the datum 
reference frame while a smaller tolerance i required 
within the patter, Multiple levels of tolerance control 
may be applied using composite positional tolerances or 
multiple singe segment feature control frames. 


10.5.1 Composite Positional Tolerancing 


Composite positional tlerancing provides an applica- 
ton of positional tolerancing for the locaton of feature of 
size patterns as well as the Interrelation (constrained in 
‘tation and translation) of features of size within these 
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patterns. Requirements are annotated by the use of a 
Composite feature control frame. See para. 644 and 
Figure 6-27. illustration (a). The position symbol shall be 
entered once and shall be applicable to all horizontal 
segments. Each complete horizontal segment in the 
feature conto frames of Figures 10-39 and 10-40 should 
be verified separately. 

(а) PLTZF. When composite controls are used, the 
uppermost segment is the patterdocating control. The. 
PLTZF is constrained in rotation and translation relative 
то the specified datums. The PLTZF specifies the larger 
‘positional tolerance for the location of the ранет of 
(еше of size as a group. Applicable datum features are 
referenced in a desired order of precedence and serve to 
каме the PLTZF to the datum reference frame, See 
Figure 10:39, Illustration (a). 

(b) РАТЕ. Each lower segment is а feature-elating 
control that governs the smaller positional tolerance for 
‘each feature of size within the pattern (feature-tofeture 
relationship). Basic dimensions used to relate the PLTZF 
to specified datums are not applicable to the location of 
the FRTZF. Se Figure 10:39, illustration 
(9). The toleranced feature shall be within both the 
PLTZ and the PRTZE. In some Instances, portions of the 
[PRIZE may lie ouside of the PLTZF and are not usable. 

(0) When datum feature references are not 
specified in a lower segment of the composite feature 
Control frame, the FRTZ is free o rotate and translate. 

(2) When datum feature references are specified in 
a lower segment, the FRTZF is constrained only in 
Totton relative ш the datum reference Fame 

(3) When datum feature references are specified, 
‘one or more of the datum feature references specified in 
the upper segment of the frame are repeated, as appii- 
cable and inthe same order of precedence, to constrain 
‘rotation of the FRTZF. In some Instances, the repeated 
dotum feature references may not constrain any degrees 
freedom: however, hey are necessary о mal tain the 
identical datum reference frame, such as datum feature B 
in the lower segment in Figure 10-43, 

10.51.1 Primary Datum Repeated in Lower 
Segmentfe. As can be seen from the sectional view of 
the tolerance zones in Figure 10-39, illustration (c), since. 
datum plane A has been repeated in the lower segment of 
the composite feature contra frame, he axes of both the 
PLIZE and FRTZF cylinders are perpendicular to datum. 
plane А and therefore are parallel to cach other. lo 
Certain instances, portions of the smaller zones may fall 
beyond the peripheries of the larger tolerance zones. 
However, these portions of Ше smaller tolerance zones 
эге not usable because the aves of the features must not 
Violate the boundaries of the larger tolerance zones. The 
жез of the holes shall be within the larger tolerance 
“ones and within the smaller tolerance ones. The axes of 
theactualholesmayvaryobliquely (омог 


perpendicularty) only within the confines of the respec- 
ve smaller FRTZF positional tolerance zones. 
NOTE The вен la Pres 109 1040 эге shown they 
ойи и the МИС ol he Kate, The age еме would nme 
їп кае by the жми the fetes depart rm MMC, wand 
‘the salle one; he o mes эе и mae 


10542 Primary and Secondary Datums 
Repeated in Lower Segments), Figure 10-40 repeats 
the hole patterns of Figure 10:39. In Figure 10-40, the 
lower segment of the composite feature control frame. 
repeats datums A and В. The pattern-locating tolerance 
requirements established by the first segment are the 
same as explained іп Figure 10:39. Figure 10-40, 
station (a) shows that the tolerance cylinders of the 
FRTZF may be translated (displaced) from the пле. 
position locations (as a group) as governed by the 
tolerance cylinders of the PLTZF, while they are 
‘constrained in rotation to datum planes А and В. Figure 
10-40, Mustration (a) shows that the actual axes of the 
holes in the actual feature pattern must reside within the 
tolerance cylinders of both the FRTZF and the PLTZF. 


10.5.1.3 In Terms of Hole Surfaces. Figure 10-39. 
¡llusaraions (4) through (0) illustrate the positional 
tolerance requirements of the xix ole pattern shown in. 
Figure 10-39, which s explained in terms of hole surfaces 
relative to acceptance boundaries. See para. 1033.109) 
The result ls the same for the surface explanation as for 
an asis, exceptas noted in para. 10331. 

10514 Applied to Patterns of Features of Sizo 
Relative to Datum Features. Conposte postional toler 
cin may be applied to patterns of feanares of ste on 
гай parts See Figure 10-41. With datum А repeated ін 
‘the lower segment ol the comporte feature contra frame 
Figure 10-41, dhustration (8) shows the tolerance cylinders 
‘of the FRTZF translated (as a group) from the basic locations 
‘within the bounds imposed by the PLTZS wile constrained 
In rotation по datum plane A 


10.5.1.5 Applied to a Radial Hole Pattern. Figure 
10-42 shows an example of a radial hole pattern where 
the plane of the PLTZF is located from a datum ace by a 
basie dimension. When datum references are not 
specified in the lower segment of a composite feature 
‘control frame, the FRTIF I free to rotate and translate эк 
governed by the tolerance zones of the PLTZF. The same 
‘explanation given in para. 1051 also applies to Figure 
1042. With datum plane A referenced in the lower 
segment of the composite feature control frame, the 
tolerance zones of the FRTZF (as а group) are 
‘constrained in rotation (parallel to datum plane A) and 
тау be translated as governed by the tolerance zones of 
"he PLTZF. See also Figure 10-42, Illustrations (a) 
through (d). 


10.51.6 Controlling Radial Location. The control 
shownin Figures 10-43 and 10-44 may be specified when 
rotational constraint is important but the design permits 
а feature-relating tolerance zone to be displaced within 
the bounds governed by a pattern-locating tolerance 
zone, while being held parallel and perpendicular to the 
three mutually perpendicular planes of the datum 
reference frame. See also Figure 10-43, Illustrations (a) 
and (Ы). 

10517 Projected Tolerance Zones for 
Composite Positional Tolerancing. When the design 
dictates the use of a projected tolerance zone for 
composite psitionaltolerancing the projected toleran 
zone symbol shall be placed in all segments of 
‘composite feature contol frame. The feature axes shall 
simultaneously be within both the pater locating and 
(he feature relating tolerance zones. 

10518 Composite Positional Tolerances 
Multiple Segments, Composite tolerances have two or 
mere segments Each segment of a composite poston 
feature conte frame estables tolerance zones and 
“constraints to any referenced datums shown и the segment. 
Datum references in the fst segment establish all applicable 
rotational and translational constraints relative to the 
referenced Ваша Datum references in the second and 
subsequent segments establish only rotational constraints 
relative to the referenced datums See Pigure 10-5. For a 
Pattern of features with a compost positional tolerance 
applet, а PLTZF is created һу the first segment and a 
Separate РАТОР is created by each subsequent segment. 
Each FRTZF s constrained вођу to the referenced datums 
жеке the segment. Absence of datum references in a 
Segment indicates that по пы ве translation 
constraints are established by that segment, See Figure 10- 
ч. The first segment of the given example creates a PLTZF 
"Bat в straight іше with two 05-dlameter trance sones 
(at MMC) constrained in rotation and translation relative to 
tum A datum Bat ММҚ and datum Cat MMB The seeond 
Segment crestes an ЕКТОР that sa straight ие wih two 
Dl2dameter tolerance mones (at MMC) that are 
consralned ln rotation төне to datum A The third 
Segment restes an FRTZF that а straight line with two 
1057-diameter tolerance зове (at MMC) with по constraint 
to any datum. 


10.5.2 Multiple Single-Segment 
Positional Tolerancing 


Multiple single-segment positional tolerances provi 


енше references in any segment are na permitted to be an 
exact repeat of all he datum feature references in other 
segments Each complete horizontal segment may be veri- 
Лед separately, When multiple singe-segment positional 
contras are used, each segment creates a иметак zone 
Framework И is neither a PLTZF nor an FRTZF since those 
terms are specifie to composite tolerances Applicable dotum. 
feature references are specified in the desired order of 
precedence and serve to rebte the tolerance me 
Framework to the datum reference trame. See Figures 6-27, 
Wostation (b) and 10-47 through 10-49 

10.52.1 Multiple Single-Segment Feature Control 
Frames. When It is desired o invoke basic dimensions 
along with the datum references, singesegment feature. 
control frames are used. Figure 10-47 shows two single- 
segment feature control frames. The lower feature 
control frame repeats datums A and В, Figure 10-47. 
Illustration (a) shows that the tolerance cylinders of the 
tolerance zone framework for Segment 2 (а a group) are 
{тее to be translated (displaced) to the left or right as 
governed by the basically located tolerance cylinders of 
the tolerance zone framework for Segment 1, while 
remaining perpendicular to datum plane А and basically 
located to datum plane В. Figure 10-47 illus-tration (b) 
shows that the actual axes of the holes in the actual 
feature pattern must reside within both the tolerance 
cylinder of the tolerance one framework for Segment 2 
and the tolerance zone framework for Segment 1. Figure 
10-47, Mustration (c) repeats the relationships for the 
sichole pattern of features shown in Figure 10-47 


10.52.2. Multiple Single Segments Applied to 
Patterns of Features of Size on Circular Parts, 

Multiple single-segment positional tlerancing may be 
applied to patterns of features of size on circular parts. 
Figure 10-48 shows two single-segment feature contol 
frames. These are used when ti desired to establish. 
coaxdally relationship between the tolerance zone 
framework for Segment 2 and Segment 1. Figure 10-48, 
Illustration (a) shows that the tolerance one frame-work 
Tor Segment 2 may rotate relative to the tolerance zone 
framework for Segment 1. The actual hole axes of the 
actual feature of size pattern must reside within both the 
tolerance cylinders of the tolerance zone framework for 


Radial Hole Pattern. Figure 10-49 shows two single- 
Segment feature control frames. These are used when tis 
desired to specify a need for a coaxial relationship 
between the tolerance zone framework for Segment 2 
amd the tolerance zone framework for Segment 1. A 
secondary datum reference is shown in the lower feature 
control frame. Figure 10-49, lusration (a) shows that 
the tolerance zones of the tolerance zone 
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framework for Segment 2 are parallel to datum plane A 
and comal about datum axis В. While remaining parallel 
And coaxial. the tolerance zone framework for Segment 2 
тау be displaced rotationally, эв governed by the toler- 
ance cylinders of the tolerance zone framework for 
Segment 1. The axes of the features in the actual feature 
patern may be displaced, individually or as a patter, 
within the boundaries of the smaller tolerance cylinders. 
Portions of the smaller tolerance zones located outside. 
the larger tolerance zones are not usable, since the actual 
feature axes must reside within the boundaries of bath 
ome. See Figure 10-49, ilustre tion (b). 


10.5.3 Coaxial Positional Tolerances 


Paragraphs 1053.1 through 10534 explain positiond 
tolerancing as applied w coaxial patterns of features of 
sie. 

10334 Coaxial Pattern of Features of Size. A compo- 
эле positional tolerance may be used to control the align- 
‘ment of two өг more тшмш features of ше. This method 
ому the coastal of features of sae without exces: 
ие restricting the pattern cating tolerance, 

10.532 Two or More Coaxial Features of Size in 
Pattern-Locating Tolerance. Controls, such as those 
shown in Figure 10:50, may be specified when it is 
desired to produce но ог more coaxial features of size 
within a relatively larger poter locating tolerance zone. 
Theaxs of the PLTZF and Из tolerance zones are parallel 
to datums A and В. Since the lower (feature-relating) 
segment ol the feature control (rame does not invoke 
orientacion datums, the axis of the FRTZF and is 
tolerance zones may be skewed relative to the axis of the 
PLTZF and ts tolerance zones. Depending on the actually 
produced size of each comial feature of size, the aus of 
‘each individual feature of size may be inclined within ts 
respective cylindrical tolerance zone, 

10.53. Rotational Constraint of Feature-Rolating 
Tolerances. When it is desired to refine the rotational 
constraint of the FRTZF and its tolerance zones as 
‘governed by the boundary established by the PLTZF and 
яз tolerance zones, datum references specified іп the 
upper segment of the frame are repeated іп the lower 
segment, as applicable, їп the same order of precedence 
за in the upper segment of the feature control frame. See 
Figure 10.51 Since the lower (feature relating) segment 
ofthe feature control frame invokes datums A and B, the. 
common axis of the FRTZF cylinders must be parallel to 
he aus of the PLTZF cylinders. 

1054 Мин Features of Size Within a Pattern. In 
orthographic views, where holes are of different specified 
sizes and the same postioaltlerance requirements apply 
то эй holes, singe feature control symbol supple-mented 
bya notation such as "2X shall be used. See Figure 


10-52. Holes within a pattem may be labeled with a letter 
and the pattern referenced below the feature control 
frames. In a model, the "2X" notation and associativity 
make clear which holes are toleranced. The same toler- 
nce zone relationships apply as for Figure 10:50. 


10.5.4 Simultaneous Requirements 


Simultaneous requirements are applicable to 
positional tolerances as well as profile. 

10,541 Simultaneous Requirement RMB. When 
multiple patterns of features of size are located relative 
то common datum features not subject to size tolerances, 
orta common datum features of size specified RMB, they 
эге considered to be a single pattern. For example, in 
Figure 10-53, each pattern of features of size Is located 
relative to common datum features not subject o size 
tolerances. Since all locating dimensions are basic and all 
measurements are from a common datum reference 
frame, positional tolerance requirements for the part are 
«considered a singe requirement The actual centers of all 
holes shall be within their respective tolerance zones 
when measured from datums A, B, and C. 

NOTE The espanto ven In Figure 1050, erat (a) 
‘sles when independent erden «i раце оса. 
comes necanry duet ae or complet sa grt 


10,542 Simultaneous Requirement — at MMB or 


LMB. When multiple patterns of features are located rel- 
ative to common datum features in the same order of 


erod as а single pattern oras having separate require- 
mets И no ot s added adjacent to the бе control 
frames, Ме pater are w be treated asa singe райе. 
When н desired to permit the patterns to be treated as 
separate рабат а notation suchas "SEP REQT” shall be 
place adjacent w each feature contr! frame, Soe Figure 
10.54. This allows the datum features of size to establish 
a separate datum reference frame for cach pattern of 
features of size, as a group. These datum reference 
frames may translate and rotate Independent of cach 
эт, resulting in an independent relationship between 
the patterns This principle does nt apply o the lower 
Segments of composite feature conto frames except ax 
noted in subsection 7.19. 


10.5.5 Multiple PositionalTolerances fora 
Pattern of Features of Size 


M different datum features, different datum feature 
modifiers, or the same datum features in a different order 
‘of precedence are specified, this constitutes a different 
datum reference frame and design requirements This s 
not to be specified using the composite positional 
tolerancing method. A separately specified tolerance, 
usinga second singe segment feature control frame. is 
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used including applicable datum features, as an indepen- 
dent requirement See Figure 10-55. 


,6 COAXIAL FEATURE CONTROLS 


The amount of permissible variation from conxallty 
maybe expressed by a variety of means, including a posi- 
tional tolerance, a runout tolerance, or a profile of a 
Surface tolerance. 


10.6.1 Selection of Coaxial Feature Controls 


Selection of the proper control depends on the func- 
тог! requirements ol the design. 

(а) When the axis or surface of features must be 
controlled and the use of the RFS, MMC, or LMC material 
condition is applicable, positional tolerancing is recom- 
‘mended, See para 10621. 

(6) When the surface of a feature must be controlled 
relative to the datum axi, runout tolerancin is recom- 
‘mended See para. 10.6. and subsection 122. 

(2) When itis desired o achievea combined control of 
size, form, orientation, and location of a feature within 
the stated tolerance polle tolerancing i recommended. 
See paras. 10.65 and 1142. 


10.6.2 Positional Tolerance Control 


When the surfaces of revolution are cylindrical and the 
control ofthe axes can be applied on a material condition 
basis, positional tolerancin should be used. 

10.621 Coaxial Relationships, A coss relationship 
тау be entra Ву specying а positional tolerance at 
MMC. See Pure 10-56, A coaxial relationship may also be 
controled by specifying a postional tolerance RPS (as in 
Fire 10-57) өг at LMC (as in Pure 10-18), The datum. 
feature may be specified on an MMB, LMI, or RMB basis, 
depending on the design requirements In Figure 10:56,the 
Амит feature l specified оп an MMU bass n such cass, 

departare the datum feature from MMB may resul in 
эл additional displacement between ls axis and the as ol 
(he considered feature. See the conditions shown in Figure 
10:56. When two or more features are coaxial related to 
such a datum, eg, a shat with several diameters, the 
considered features are displaced as a group relative o 
datum feature as explained ln para. 10532 for a patern of 
features 

10.622 Coaxial Festures Controlled Within Limits 
‘of Size. When is necessary to contol casa of related 
features within ther йз of sire, а ero positional toler- 
ance at MMC may be specified. The datum feature в. 
вата specified on an ММВ baste See Figure 10-56, 
Mustraton (b). The tolerance establishes шакы! bound- 
aries of perfect form. Varitons in салыну between the 
features are permitted only where the features depart from 
thelr MMC stes toward LMC See Figure 10-56 


for possible displacements. See also paras. 584 and 
63.23 far use of the СР symbol 

10823 Союш | Features  Wihout 
DatumRoferences. A ашыш veinonship жау be 
controled by speciying a positional tolerance without 
datum references as shown In Figure 10:58 This method 
lows specifi control of feature-to-feature сзакаиу When 
features are specified with diferent ses з single feature 
control frame, supple-mented by a полова, suh as “2X7 
shall be used. A positional tolerance specification with no 
datum reference crates a relationship between the 
toleranced features but implies no relationship ta any other 
features The toleranced features may be емей as a 
single datum feature, which may then be referenced in the 
feature control trames ol other features, as needed 


10.6.3 Runout Tolerance Control 


For information on controlling surfaces of revolution 
suchas cylinders and cones, relative to an axis of rotation 
With a runout tolerance, see subsection 122. 


10.6.4 Controlling Features With 
Positional Tolerances 


ln Figure 1057, illustration (a). the axis of the 
controlled Textures unrelated AME has been displaced 
702 to ве ей. relative to the aus of datum feature A and 
05 material has been removed from the right side of he 
Features surface. In Figure 10-57, illustration (b), the ads. 
‘ofthe controlled features unrelated AME has also been 
displaced 02 to the left, relative w the aus of datum 
feature A, while 0.25 material has been removed from the 
upper side of the features surface and 025 material has 
been removed from the lower side of the festure's 
surface. Since the size of the unrelated AME of the 
controlled features in Figure 10-57 is 25 diameter, the 
controlled features remain within acceptable mits of. 
‘ize. For coaxial positional tolerance, the location of the 
әзі of the fexture's unrelated AME is controlled relative 
to the axis of the datum feature. When checked for a 
omdal positional tolerance relationship. the items 
depicted in Figure 10:57 are acceptable. 
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10.65 Profile of a Surface Tolerance Control 


For information on controlling the coaxaliy of a 
surface of revolution relative to a datum axis with profile 
fa surface tolerance, see para. 114.2. 


107 TOLERANCING FOR 
‘SYMMETRICAL RELATIONSHIPS 


‘Symmetrical relationships may be controlled using 
‘ther positional or profile tolerances. However, these 
nwo tolerance controls establish significantly different re- 
quirements Positional tolerancing for symmetrical rela: 
tionships establishes a requirement where the center 
plane of the unrelated АМЕ of one or more features ін 
‘congruent with a datum ais or center plane within speci- 
бей limits. The tolerance valve may be specified 
applicable at MMC, LMC or RFS and the datum feature 
‘references at MMB, LMB, or RMB. Profile toerancing s 
‘explained in Section 11. 


10.7.1 Positional Tolerancing at MMC 


A symmetrical relationship may be controlled by speci- 
fying а positional tolerance at MMC as in Figure 10:59. 
The explanations given im puras. 104310) and 
104.510) apply to he considered feature. The datum 
feature may be specified onan MMB, LMB, or RMB basis, 
depending on the desi requirements 

10.7.1.1 Zaro Positional Tolerancing at MMC for 
‘Symmetrical Relationships. When it is necessary to 
control the symmetrical relationship of related features 
‘within their limits of size, a ero positional tolerance at 
MMCis specified. The tolerance establishes symmetrical 
‘boundaries of perfect form. Variations in position 
between the features are permitted only when the 
features depart from thelr MMC sizes toward LMC, This 
application s the same as that shown in Figure 104 
illustration (b) except that it apples the tolerance toa 
center plane location. 


30.7.12 Positional Tolerancing RFS. Some designs 


In such cases, the specified positional tolerance is applied 
[RFS and the datum reference applied RMB. See Figure 10- 
во. 


Figure 10-1 менува Basic Dimensions 
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Figure 10-4 Positional Tolerancing at MMC Relative to Datum Feature Center Planes. 
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Figure 10-5 Possible Axis Interpretation Error 


Figure 10-7 Boundary for Surface of a Hole at MMC 
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Figura 10-10 Increase in Positional Tolerance Where Hole 
Is Not at MMC 
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Figure 10-12 Zoro Positional Tolerancing at MMC 


Is Not at LMC 
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Figure 10-15Zero Tolerance at LMC Applied to Boss and Hole 


CELLE 


gas} 


SEO] 


е 


Figure 10-17 LMC Applied to Pattern of Slots 


Figure 10-18 Datum Feature at LMB 
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Figure 10-32 Positional Tolerancing of Slots 


pu.) 


Figure 10:33 Virtual Condition for Surfaces of Slot at MMC 
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iure 10-34 Tolerance Zone for Center Plane of Slot at MMC 
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Figure 10-35 Positional Tolerancing, Boundary Concept (Cont'd) 
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Figure 10-39 Hole Patterns Located by Composite Positional Tolerancing (Cont'd) 
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Figure 10-39 Hole Patterns Located by Composite Positional Tolerancing (Cont'd) 
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Figure 10-39 Hole Patterns Located by Composite Positional Tolerancing (Cont'd) 
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‘Composite Feature Control Frames. 


Figure 10-40 Hole Patterns of Figure 10-38 With Secondary Datums in Feature-Relating Segments of 
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Figure 10-42 Radial Hole Pattern Located by Composite Positional Tolerancing — Repeated Primary Datum Reference. 
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Figure 1042 Radial Hole Pattern Located by Composite Positional Tolerancing — Repeated Primary 
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Figure 10-43 Radial Hole Pattern Located by Composite Positional Tolerancing — Repeated Al Datum References. 
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Figure 10-45 Positional Tolerancing for Coaxial Holes of Same Size, Partial (Parallelism) Refinement of 
Feature-Rolating Axis Relative to Datums A and B With Further Refinement of Parallelism to Datum A 
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Figure 10-45 Positional Toleraneing for Coaxial Holes of Same Size, Partial (Parallelism) Refinement of Feature 
Relating Axis Relative to Datums A and B With Further Refinement of Parallelism to Datum A (Cont) 


‘Figure 10-47 Multiple Single-Segment Feature Control Frames Wh Secondary Datum in Lower Feature Control Frame 
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Figure 1047 Multiple Single-Segment Feature Control Frames With Secondary Datum in Lower Feature 


iure 10-49 Radial Hole Pattern Located by Multiple Single-Segment Feature Control Frames. 
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Figure 1051 PosiloalTolrancing for Coaxial Holes of Same Size, Patel Parallele) Refinement of 
'eature of Feature Relating Axis 
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Figure 10-56 Positional Tolerancing for Coaxiatty 
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Figure 10-58 Two Datum Features, Single Datum Axis 
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Section 11 
Tolerances of Profile 


11.1 GENERAL. 


This Section establishes the principles and methods of 
dimensioning and tolerancing to control the profile of 
various features. 


11.2 PROFILE 


Profile tolerances are used to define а tolerance zone 
"o contol form or combinations бізге form, orientation 
and location of a feature(s) relative to a true profile. 
Depending on the design requirements prole tolerance. 
zones may ог may not be related to datums. A digital data 
fie or an appropriate view on a drawing shall define the 
true profile, When used as a refinement of a size 
tolerance created by toleranced dimensions, the profile 
tolerance shall be contained within the size limits. For. 
more information on design models, see ASME Y14.41. 


11.2.1 Types of Profile Tolerances 


A profile tolerance may be applied to an entire part, 
multiple features, Individual surfaces, or individual 
profiles taken at various cross sections through a part 
‘The two types of profile tolerances, profile of a surface 
and profile of a tne, are explained In paras. 11211 and 
11212, respectively. 

11244 Profle of a Surface. The tolerance mne estab- 
Isted by the profe o a surface tolerance ls three dimen: 
ова (a volume), extending on the length and with (or 
ircumferener uf the considered feature w features See 
Figures 11-1 through 11-4, Profle of a surface may be 
applied o parts o any shape induding parts that have a 
constant cross section as in Figure 11-6, parts that have a 
surface of revolution as in Figure 11-19, and parts that have 
а profe tlerance applied all over as in Figure 11-9. Where 
the extent of the application of the profle tolerance ix 
unclear the "between" symbol should be used. 

1124.2 Profil ofa Line. A model or a drawing view 
is created to show the true profile. Profile ofa line may be 
applied o parts of any shape, including parts that have a 
varying cross section, such as the tapered wing of an 
alreraf ora constant cross section, such as an extrusion, 
where it is not desired to have a tolerance zone include 
the entire surface of the feature as a single entity. See 
Figures 11-31 and 11-32. 


11.2.2 Profile Specification 


‘The profile tolerance эте species uniform or nonu- 
form ‘tolerance boundary along the true prole within 
‘nc the surface or single elements of the surface shall 


11.23 Profile Tolerances as General Requirements 


When the profile tolerance feature control frame Is 
placed ln а general note or the general tolerance block. 
"he tolerance applies to al features UOS. 


11.3 TOLERANCE ZONE BOUNDARIES 


Uniform. лети, unequally dispose, or nonuniform 
келсе zones can be applied іш proie tolerances. UOS, 
ре tolerance zones are uniform and centered on the true 
profite. The actual surface or ne cement shall bo within the 
‘Specie tolerance көне Since the surface may he anywhere 
‘within the profile boundary, the actual part contour could 
have abrupt surface variations. И thi is undesirable, the 
деен shall indicate the design requirements such as rate 
‘of change and/or blend re-qurements. When а profile 
tolerance encampasses a sharp corer the trance zone 
‘extends to the merre ton of the boundary ines See Figure 

5. Since the intersecting surfaces may № anywhere 
within the conversing one, the actual part contour could be 
‘rounded this undesirable, the drawing shall indicate the 
sg пештен such an by peciyg he паман 


11.3.1 Uniform Tolerance Zone 


тәйке метисы iy normal (pepe) и де 
vn ee ps along ae pe Tdi 
Sf е trance Sone follow бе тет shape of he 
жеребе жеше ПА 

11211 Bilateral Profle Tolerance Zone. The 
ана one maybe divided tral tot sds 
ofthe тш poe When an ена dijord itr 
Sheram inended Ки say cw ња etre 
Sorel ame with aleae rected othe sce or an 
SEI tow of te ика bd экю бе baie 
mension Ss igs 11-1 and 11:7. 

35242 бейнеси and Unequty Disposed Profle 
такка. Under and нестаму бирте! pile 
ЕШ 


profile symbol placed in the feature control trame. See 
Figures 11-2 through 11-4. The “unequally disposed" 
symbol is placed in the feature control frame following 
the tolerance value. A second value ts added following the 
“unequally disposed" symbol to indicate the tolerance in 
the direction that would allow additional material to be 
added to the true profile. 

(а) Unilateral Tolerance in the Direction That Adds 
Material When a unilateral profile tolerance is 03 and 
applies from the true profile in the direction that adds 
material, the tolerance value would be 03 and the value 
following the “unequally disposed" symbol would be. 
703 See Figure 112. 

(8) Unilateral Tolerance in the Direction That Removes 
Material When a unilateral profile tolerance is 0.3 and 
applies from the true profile in the direction that 
removes material, the feature control frame would read 
“037 "unequally disposed" symbol, "0. See Figure 11 


(c) Unequally Disposed Tolerance. When an unequally 
disposed profile tolerance is 0.3 and 01 apples from the 
"rue profile in the direction that adds material and 02 
applies from the true profile in the direction that 
removes material the feature control frame would read 


4 


11.31.3 All AroundSpecification. When a profile 
tolerance applies all around the true profile of the 
designated features of the part (n the view im which itis 
specified), the "all around” symbol is placed on the leader. 
from the feature control frame, See Figure 11-6. The all 
around” symbol shall not be applied in an axonometric 
‘view on a two-dimensional drawing, When the require- 
ment is that the tolerance applies all over a part, the "al 
over” symbol may be used. See para 11.312. 


11314 Defining the Extent of a Profile 
Tolerance. When portions of a surface or surfaces have 
diferent profile tolerances, the extent of each profile 
tolerance shall be indicated, ед. by the use of reference 
letters to identify the extremities or limits of application 
for each requirement accompanied with the use of the 
“between” symbol with each profile tolerance. See Figure 
11-8. Similarly, some areas of the profile are controlled 
by a profile tolerance and other segments by directly 
tolerance dimensions, the extent of the profile tolerance 
shall be indicated, See Figure 11.9. 


11.3.1.5 All Over Specification. A profile tolerance 
may be applied all over the three-dimensional profile of a 
part UOS k shall be applied in one of he following ways: 

(а) placethe "all over symbol on the leader fromthe 
feature control frame as shown in Figure 1-10 

(0) placetheterm “ALLOVER” beneath the feature 
‘control frame 

(c) placethe profile tolerance requirement in the 
general tolerance block or general notes 


unequally disposed" symbol, "0.1." See Figure 11- 


E 


113.2 Nonuniform Tolerance Zone 


A nonuniform tolerance zone may be Indicated by 
stating the beginning and ending widths of a profile ler- 
ance zone. The profile tolerance width is a proportional 
‘Variation from ове value to another between two. 
Specified locations on the considered feature. The values 
эге related to the specified locations on the considered 
feature by the letters separated by an arrow (eg, in 
Figure 11-11 the value ofthe tolerance is 0.1 at locations 
and 0.3 at location T). Theterm “NONUNIFORM” replaces 
the tolerance value within the feature control frame 
when the profile boundaries are established by model 
data See Figures 11-11 through 11-14 

11321 Drawing indication. For the nonuniform toler- 
ance one, the leader ie rom the feature control frame в. 
‘directed wo the tre profile See Figures 11-11 through 11- 
13 When individual segments a profe ae toleranced, the 
entem ofeach profile segment shall be indicated, eg by use 
ff ference letters to dently the extremities or lins of 
ach segment See Figures 11-12 and 1 

11222 Zones 
11-8 Illustrates abrupt transitions that occur at the 
transition points B and C when diferent profile 
tolerances are specified on adjoining segments of a 
feature. A nonuniform profile tolerance zone may be used 
то smooth the transl tion areas, See Figure 11-14, 

113.23 Alternative Practice. The boundaries of 
“NONUNIFORM” profile tolerance may be defined by 
basic dimensions on a drawing with phantom lines to 
Indicate the tolerance zone. 


11.4 PROFILE APPLICATIONS 


Applications of profile tolerancing are described in 
paras. 114.1 through 1 


11.4.1 Profile Tolerance for Plane Surfaces 


Profile toleraning may be used to control the form, 
orientation, and location of plane surfaces. in Figure 11: 
15, profile of a surface is used to control a plane surface 
inclined to two datum features. In this example, the 
tolerance zone is constrained іп all three translational 
Agrees of freedom and two rotational degrees of 
freedom relative to the referenced datum features. 


11411 Coplanarty. A proie of a surface tolerance 
may be used to cor the mutual orientation and location 
oo or more surface For basie surfaces that are coplanar 
(parallel with zero ойма}, э control i provided simlar 10 
"hat achieved by а flatness tolerance а 

plane surface. As shown in Figure 11-1 


e As in the case of flatness no datum 


reference is stated, When two or more surfaces are 
involved, it may be desirable to identity which specific 
Surfaces) are ta be used asthe datum feature(s) Datum 
feature symbols are applied to these surfaces with the 
appropriate tolerance for thelr relationship each other. 
The datum reference letters are added to the feature 
control frame for the features being controlled. See 
Figure 11-17. 

11.4.1.2 Offset Surfaces. А profile ofa surface toler- 
ance should be used when itis desired to control two or 
more surfaces lfse to each other. The feature control 
sociated with the applicable surfaces. The 
is defined by a basic dimension See Figure 


1142 Conical Surfaces 


А profile tolerance should be specified to control a 
conical surface in one of the following ways: 

(а) asan independent contro of form, as in Figure 
” 

(0) as combinations іне form, orientation, and 
location, as in Figure 11-20 

Figure 11-19 depicts a conical feature controlled by a 
composite profile of a surface tolerance where form of. 
the surface в a refinement of size. In Figure 11-20, the 
same control is applied but It Is reference to a datum 
adis. In each case, he feature shall be within size limits 
and the tolerance zone constrained In translation and. 
rotation to the referenced datum feature. 


114.3 Profile on Nonsize Datum Features. 


When the toleranced feature Is or includes the refer- 
enced datum feature, the profile tolerance is affected as 
described in paras. 114.31 and 1432. 

11.431 When tho Toleranced Feature ls a 
Nonsize Datum Feature, At the datum feature. the 
distance to the true profile Is zero. Since the datum 
feature may not pass through the datum plane, the 
tolerance on the considered feature shall be as follows: 

(а) For an equal bilateral profile tolerance, half of the 
profile tolerance is available for variation of the datum 
Feature. See Figure 1121. 

(0) Fora unilateral profile tolerance, the tolerance 
may only beapplied into the material of the feature. 

11.432 When the Toleranced Feature Includes 
Datum Targets At the datum target, the contact 
point(s) and the true profile are coincident. The entire 
profile tolerance is valable to the feature except at the 
dtum target contact points, See Figure 11-22. 


ж 


114.4 Application on Continuous Features 


Profiletolerances may be applied with the "CF" symbol. 
o indicate that an interrupted surface ін contained 
‘within one tolerance zone as If the features create a 
‘continuous feature. See Figure 11-23. 


Since profile control is used primarily as a surface 
control, MMC and LMC modifiers shall not be applied to 
the tolerance value. MMB and LMB applications (mod. 
fers) are only permissible on the datum feature refer- 
ences. See Figures 7-34 through 7-37, 7-46, and 10-55. 


11.6 COMPOSITE PROFILE 


A composite profile tolerance may be used when 
design requirements permit a profile-locating tolerance 
zone to be larger than the profile feature tolerance zone 
that controls other characteristics of the feature. 


11.6.1 Composite Profile Tolerancing for a 
Singlo Feature 


This method provides a composite application of 
profile tolerancing for location of a profiled feature as 
wel as the requirement of various combinations of ste, 
form. and orientation of the feature within the larger 


‘of a composite profile feature 
to that shown in Figure 627, 
illustration (а). Each complete horizontal segment. 

composite profile feature control frame constitutes a 
‘separately verifiable component of multiple interrelated 
requirements, The profile symbol Is entered once and is 
applicable to all horizontal segments. The upper segment 
is referred tos the "rofileVocating control" species 
‘the larger profile tolerance of the profiled feature and is 
constrained in translation and rotation to the referenced 
‚datum features. Applicable datums are specified in a 
desired order of precedence. The lower segments are 
refered to as “profile feature controls" and are 
constrained only in rotation relative to the referenced 
‚datum features. Each segment specifies a progressively 
“smaller profile tolerance than the preceding segment 


The toleranced feature в located fom specified datums by 
baste dimensions Datum feature references in the upper 
segment of a composte proie feature control frame serve 
o constrain translation and rotation of the profleJocatng 
tolerance ame relative to referenced datums See Figure 11- 
24 Datum features referenced in the 


lower segment constrain the rotation of the profile toler- 
ance zone relative to the referenced datums. See Figure 
11-25, The tolerance values represent the distance 
between two boundaries disposed about the true profile 
wlth respect to the applicable datums, The actual surface 
of the controled feature shall be within both the profile- 
locating tolerance zone and the profile feature tlerance 


116.2 Composite Profle Tolerancing for 
Multiple Features (Feature Pattern Location). When 
design requirements for a pattern of features permit a 
profile FRTZF to be located and oriented within limits 
imposed onitby a profile PLTZF, composite profile toler- 
ancingis used. 


11. 6, 1. 3 Explanation of Composite Profile 
Tolerancing for Multiple Features. This paragraph 
provides a composite application of profile tolerancing 
for the location and orientation (translation and rotation) 
‘of a feature ранет (PLTZF) as wel as the interrelation 
(size, отъ orientation and location) of profiled features 
Within these patterns (FRTZF), Requirements are anno- 
tated by the use ofa composite feature contol frame. The 
profile symbol і entered once and is applicable to each 
horizontal segment. Each horizontal segment in the 
feature control frame should be verified separately. See 
Figure 11:26. 

(о) PLTZF. When composite controls are used, the 
uppermost segment is the profile рапетчосайав. 
‘control ThePLTZF is constrained in rotation and transl 
ton relative tothe specified datums. The PLTZ specifies 
the larger profile tolerance for the location of the pattern 
of profiled features as a group. Applicable datum features 
are referenced in the desired order of precedence and 
serve to relate the PLTZF to the datum reference frame. 
‘See Figure 11-26, lustration (а) and Figure 11227. 
ustration (а). 

10) FRTZF ach of the lower segments s referred toas a 
pfe features elting contro They govern the smaller 

ince for se, om. orientation, and location within the 
rh ul features and may indude constraints vo rotation 
ч an PRTZE to specified datums: Ванс location dimensions 
Used to relate the PLIZF ts speed datums are not 

симе to the locaton of any FRTZE The toler-anced 
feature shall be within boh не PLTZF and the PRTZF. See 
Figure 11-26 istration (b) and Figure 11-27, station 
КО) some instances, portions of the FRTZF may le outside 
‘ol he PLTZF and are not usable. 

(1) When datum feature references are mot 
specified in а lower segment of the composite feature 
‘control frame, the FRTZF Is free to rotate and translate. 

(2) When datum feature references are specified in 
а lower segment, the РАТОР is constrained only in 
rotation relative to the datum reference frame. See Figure 
11-26 illustration (c) and Figure 11-27, illustration (b). 


мз 


(2) When datum feature references are specified, 
‘one or more of the datum feature references specified in 
the upper segment of the frame are repeated, as appli- 
cable, and inthe same order of precedence, to constrain 
rotation of the PRTZF. In some Instances, the repeated 
datum feature references may not constrain any degrees 
of freedom; however, they are necessary о maln tain the 
епоса datum reference frame. 

(c) Where the design requires different datums, 
diferent datum modifiers, or the same datums in a 
different order of precedence, muluple singlesegment 
feature control frames shall be specified, because this 
constitutes multiple datum reference frames, This shall 
mot be specified using the composite profile tolerancing 
‘method. 


115.14 Primary Datum Feature Repeated in Lower 
Segment. As can be seen from the sectional view of the 
terane sones in Pur 11-26 lustraion (d) since datum. 
feature A has been repeated in the lower segment of 1 

compost feature contrl frame, the proie ames of both 
the PLTZF andthe FRTZP are perpen-dlelar to datum plane 
‘Nana, therefore, parle to each other. See also Fyre 11: 


11.6.1.5 Primary and Secondary Datum Features 
Repeated in Lower Segments), Figure 11:27 repeats 
the feature patterns of Figure 11.26. In Figure 11-27, the 
lower segment of the composite feature contro frame 
repeats datum feature references A and B. Figure 11-27, 
illustrations (a) and (b) show that the tolerance zones of 
the FRTZF may be translated from the tre locations (asa 
group), as governed by the tolerance zones of the PLTZF, 
Constrained in rotation by datum planes A and B. Figure 
11-27, stration (a) shows that the actual surfaces of 
the features reside within both tolerance zones of the 
ЕКТОР and the PLTZF. 


11.6.2 Composite Profile With Independent 
‘Size! Form Control 


When the design requires that the size and form of one 
ок more features be controlled independently of the 
composite profile tolerance, а separate single-segment 
profile feature contro frame is used followed by the term 
“INDIVIDUALLY.” The size/form tolerance specified shall 
be less than the tolerance Inthe Lower segment (РАТЕ) 
ofthe composite profile control. See Figure 11-28. 


11.7 MULTIPLE SINGLE-SEGMENT 
PROFILE TOLERANCING 


For multiple single-segment ргәйе tnleranang datum 
feature references are interpreted the sume as for multiple 
singesegment positional tlerancing See para 1052. 


11.8 COMBINED CONTROLS 


Profle tolrancing may be combined with other types ol 
geometric terancing, Profle tlerancig may be combined 
With positional tolerancing when & is necessary to control 
the boundary ol a noneyindrkal feature See Figure 11-29. 
In this example, the basic dimensions and the prefle 
tolerance на a tolerance zone to cotrl the shape aná 
эе of the feature, Additionally, the postional tolerance 
estables a theoretical boundary fet from the applicable 


entre feature surface shall be whin the boundary The term 
HOUNDARY™ i optional and may be placed beneath the 
рин! feature control frame. Figure 11-10 lustrates a 
surface that has à proie tlerance refined by a runout 
tolerance. The entre surface shall be within the profile 
tolerance, and the circular elements shall be within the 
преси runout tolerance. 


11.9 PROFILE OF A LINE AS A REFINEMENT 


When itis a requirement to control individual line 
elements ofa surface, a profile ot a line tolerance а вред 
fled. See Figures 11-31 through 11-34. This permits 
control af individual line elements ofthe surface indepen- 
dently in relation to the datum reference frame and does 
not limit the total surface to an encompassing zone. 
Figure 11-31 Illustrates a surface that has a profile of a 
surface tolerance refined by а profile of a line tolerance. 
The surface shall be within the profile of a surface 
tolerance, and each straight line element of the surface 
“shall also be parallel to the datum planes established by 
datum features А and B within the tolerance specified. A 
customized datum reference frame is used to release the 
profile of а line tolerance from the translational 
constraints of the datum reference frame. Figure 11-32: 
Мане a part with a profile of a line tolerance where 
size is controlled by a separate tolerance. Line elements 
ofthe surface along the profile shall be within the profile 
tolerance zone and within a size lmiting zone. la this 
application. the profile of a line is applied on one surface 
of a width feature of size and the datum feature 
references can only constrain the rotational degrees of 
freedom for the profile of a line tolerance. Figure 11-33 
llstrtes the profile ofa line being used 


to control the perpendicularity of radial line elements in 
a surface. Figure 11-34 illustrates the profile of a line 
being used to control the parallelism of radial line 
elements in a surface. A customized datum reference 
frame is used to constrain only two rotational degrees оГ 
freedom relative w the primary datum A plane and two. 
translational degrees of freedom relative to the 
secondary datum aus B. The translational degree of 
freedom from the primary datum is not constrained. 


1110 DYNAMIC PROFILE TOLERANCE MODIFIER 


By default, a profile tolerance zone follows the true 
profile ofthe considered feature. A profile tolerance zone. 
{static and controls both the form and size of the 
considered feature unless the dynamic profile tolerance 
modifier is applied. When i is desirable to refine the 
form but not the size of a considered feature that is 
controlled by a profile tolerance, the dynamic profile 
tolerance modifier, 4, may be applied to a refining 
‘profile tolerance. The function of the dynamic profile в. 
{hallow form to be controlled independent of size. 

When the dynamic profile tolerance modifier is 
applied, the zone is permitted to progress (expand or 
‘contract normal w the true profile) while maintaining the 
Specified constant width (distance between the 
boundaries) This retains the form control white relaxing, 
the size control, The actual feature shall simultaneously 
be within the dynamic profile tolerance zone and any. 
other applicable tolerance zone 


1110. Dynamic Profile Tolerance 
Controlling Form 


When the dynamic tolerance modifiers applied to a 
lower segment of a composite tolerance without datum. 
feature references, the tolerance one controls the for 
but not the size ofthe feature and it uniformly progres 
expands or contracts) normal to the true profile, UOS 
See Figure 1135. The 2 profile tolerance име ік 
constrained in translation and rotation relative to the 
"dtum reference fame establish by dotum features А, 
B, and C In Figure 11-35, the 0.4 dynamic profile zone is 
эп equa bilateral about the basic profile of the toleranced 
feature. The 04 dynamic profile tolerance zone may 
тиме and translate relative to the datum reference 
frame. in addition, the tolerance zone may expand or 
contract while maintaining the form of the feature within 
the 04 tolerance zone, releasing the size of the feature to 
‘uniformly progress within the upper segment of the 
composite profile tolerance. The actual feature shall 
Simultaneously be within both tolerance ones. 


11.10.2 Dynamic Profile Tolerance 
Controlling Form and Orientation 


When the dynamic tolerance modifier is applied to 3 
lower segment of a composite tolerance and includes 
datum feature references, the tolerance one controls the 
form and orientation but not the size of the feature. See 
Figure 11-36. The 2 profile tolerance zone is constrained. 
in translation and rotation relative to the datum 
reference frame established by datum features А, and 
C The 04 dynamic profile tolerance zone in the lower 
segment of the composite tolerance is constrained in 
rotation but not translation relative to he datum refer- 
‘ence frame. This tolerance zone may expand or contract 
‘while maintaining the form and orientation of the feature 
within the 04 tolerance zone, allowing the size of the 
Feature to uniformly progress. The actual feature shall 
simultaneously be within both tolerance zones. 


11.10.3 Dynamic Profile Tolerance Applied to 
the Lower Segment of Multiple Single- 
Segment Feature Control Frames. 


When the dynamic profile tolerance modifier is appli 


ance zone is constrained in translation and rotation, but 
по size, as applicable. The tolerance zone controls the 
Torm and orientation of the feature See Figure 11-37. The 
2 profile tolerance zone is constrained in translation 


E 


and rotation relative to the datum reference frame estab 
‘shed by datum features A B and C. The 04 dynamic profile 
tolerance zone im the lower segment is constrained in 
transition and rotation relative to the datum reference 
frame. Тыв tolerance zone may expand or contract while 
controling the frm, orientation, and locaton ol the Feature 
within the 04 tolerance зове, allowing the чш of the feature 
lo uniformly progress The эшш feature shall 
Simolanecudy be within bath Мега zones. 

NOTE Stipe features are considered to be a singe etre 
es “INDIVIDUALLY fer э перио е зерта. 
oe ature contr ame 


11.104 Dynamic Profile Tolerance Applied to 
a Surface of Revolution 


The dynamic profile tolerance may be applied w 
surfaces of revolution w maintain the shape of the 
considered feature while allowing ts size to vary. See 
Figure 11-3. The ените surface between A and Bshall be 
within the profile tolerance of 025, which Is equally 
disposed aboutthe true profile. The 0.15 dynamic profile 
tolerance zone in the lower segment is constrained in 
translation and rotation relative wo the datum reference 
frame. This tolerance zone may expand or contract while 
controling the form, orientation, and location of the 
feature within the 0.15 tolerance zone, allowing the size 
of the feature to uniformly progress. The actual feature 
‘shal simulta-neously be within both tolerance zones. 
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Figure 11-6 Specifying Profle of a Surface AN Around 
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Figure 11-7 Application of Profle of a Surface Tolerance toa Basic Contour 
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Figure 11-10 Specifying Profile of a Surface Al Over 
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Figure 11-12Nonuniform Profile Tolerance Zone With Multiple Segments 
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Figure 11-16 Specifying the Profile of a Surface for Coplanar Surfaces 
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Figure 11-18 Specifying tne Profile of a Surface for Stepped Surfaces 
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Figure 11-19 Specifying the Profle of a Conical Feature 


Ts on пе очите па [= 


E 


Figure 1120 Prof омана ota Conca Feature. atom Relates 


|. 


manj 


faren] 


тај 


Figure 11.24 Composite Profle Tolerancing ofan regular Feature 
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Figure 11-25 Composite Profle Tolerancing of a Feature 
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Figure 11.26 Pattern Located by Composite Profile Tolerancing — Repeated Primary Datum Feature Reference 
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Figure 11-26 Pattern Located by Composite Profile Tolerancing — Repeated Primary Datum 
Feature Reference (Cont'd) 
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Figure 11-26 Pattern Located by Composite Profile Tolerancing — Repeated Primary Datum 
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Figure 11-27 Pattern Located by Composite Profil Tolerancing — Repeated Primary and Secondary Datum 
Feature References 
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Figure 11-30 Profle of a Surface of Revolution 
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Figure 11-38 Dynamic Profle of a Surface of Revolution 


Section 12 
Tolerances of Runout 


124 GENERAL. 


‘This Section establishes the principles and methods of 
dimensioning and tolerancing to control runout of 
‘various geometrical shapes. 


12.2 RUNOUT 


Circular runout and total runout are geometric toler: 
ances used to control applicable characteristics of 
Surfaces of evolution relative о the datum ais ИМИ. 


12.3 RUNOUT TOLERANCE 


The types of features controlled by runout tolerances 
Include those surfaces constructed around a datum aus 
nd those constructed at right angles to а danum axis. See 
Figure 12-1. When applied to a feature of size, runout 
tolerances may be greater than, equal to, or ess than the 
size tolerance of he considered feature. 


123.1 Datum Features for Runout Tolerances 


“The datum aus for a runout tolerance should be estab- 
lished by a cylindrical datum feature of sufficient length 
two or more cylindrical datum features having sufficient 
anial separation, or a cylindrical datum features) іп 
‘combination with а face at a right angle to the cylindrical 
feature(s). Features used as datum features for estab- 
lishing axes should be functional, such as mounting 
features that establish an axis of rotation. When runout is. 
applied on an assembly, the axis of rotation may not be a 
atum ans. See para. 1268. 


12.3.2 Degrees of Freedom Constrained 


The tolerance zone is constrained in translation and 
rotation relative to the datum axis or ass of rotation. The 
tolerance zone shall contain ай controlled elements for 
‘each considered feature within the specified runout 
tolerance. This may also include the datum features as a. 
рәп of the runout tolerance contol where so designated 


124 TYPES OF RUNOUT TOLERANCES. 


There are two types of runout tolerances: circular 
пош and total runout The type used is dependent on 
design requirements and manufacturing considera dons. 
“Circular runout is normally a less complex require- 


ment than total runout Paragraphs 124.1 through 12:43 
describe both types of runout and their resulting 
tolerance zones. When a surface is controlled by a runout 
tolerance, intended interruptions of a surface, such as 
Keays or holes, do not affect the tolerance zone 
boundaries, and the extent ofthe boundaries ts limited to 
where there is materi. 


12.4.1 Control of Circular Elements. 


Crcularrunout provides control of circular elements of 
а surface relative tothe datum auis. A tolerance zone 
treated and applied Independently to each circular cross 
Section of he surface f the part. 

(a) When applied to cylindrical, conical, and curved 
surfaces constructed around a datum axis, circular 
озон controls the cumulative variations of form and. 
тозу. See Figure 12-2 When limited area of appli- 
Catonis specified, the location ofthe area shall be dimer 
‘Sioned from and referenced toa datum reference frame. 
See para. 1243 and Figure 122. 

(0) When applied to surfaces constructed at right 
angles to the datum axis, circular runout controls circular. 
Variations (wobble) of a plane surface, See Figure 12:3. 

12414 Circular Runout Tolerance Zone for 
Nonplanar Features. When a circular runout tolerance. 
is applied t a surface of revolution, all cross sections on. 
the surface are independent and each circular runout 
tolerance zone is bounded by two circles that are coaxial 
(constrained in translation) to the datum axis and lie ina 
planes) normal (constrained іп rotation) to the datum 
ds. The distance between these circles Is normal to the 
roe geometry, and the circles are separated by a radial 
distance equal to the specified circular runout tolerance. 
See Figure 122. 

12412 Circular Runout Tolerance Zone for 
Planar Features. When a circular runout tolerance в. 
applied ко a planar surface perpendicular to the ais of 
‘tation, ай circular elements on the surface are 
Independent and each circular runout tolerance zone is 
bounded by two circles of the same diameter that are 
centered on the axis of rotation and аку separated by a 
distance equal to the specified circular ninout tolerance. 
See Figure 12-3. 


12.4.2 Total Runout for Controlof Surfaces 


Тош runout provides contr ofall surface elements of 
the considered feature The tolerance applies simulta- 
neously to all circular and profile elements of the surface. 

(а) When applied to surfaces constructed around a 
datum axi, total runout controls cumulative variations 
suchas circularity, cylindricity, straightness, and location 
(соза) of a cylindrical surface. See Figure 124. 

(0) When applied to surfaces constructed at right 
angles to the datum axis, total runout controls cumulative. 
variations suchas Пава straightness, and perpendicu- 
Тапу (o detect wobble) o a planar surface. Sce Figure 
125, 

12421 Total Runout Tolerance Zone for 
Cylindrical Features. All surface elements shall be 
within a tolerance zone consisting of two coaxial 
cylinders with a radial separation equal to the tolerance 
value specified, The tolerance zone is constrained in 
translation (coaxial) to the datum axis ее Figure 124. 

124.2.2 Total Runout Tolerance Zone for Planar 
Features. All surface elements shall be within a 
tolerance zone consisting of two parallel planes with a 
separation equal to the tolerance value specified The 
tolerance sone is constrained in rotation (normal) to the 
datum asis, See Figure 125, 


12.43 Runout Applied to a Portion of a Surface. 


When a runout tolerance applies to a specific (partial) 
portion of a surface, a chain ве may be drawn adjacent 
to the surface profile an one side of the datum ans for the 
desired length when shown in an orthographic view. 
Basie dimensions are used to define the location and 
еден ofthe portion indicated in this way. See Figure 12- 
2. The “between” symbol method may also be used to 

cate а limit of the specified runout control as an 
alternative to use of the chain line and basic dimensions 
defining the location and extent 


12.5 RUNOUT TOLERANCE AND SIZE 


Runout tolerance and size tolerance values are based 
оп the design requirements, and theres по requirement 
that runout be larger or smaller than the size tolerance. 
Runout and size tolerances do have combined effects on 
size, form, orientation, and location of the toleranced 
feature. See Figure 12-6. Whichever tolerance Is more 
restrictive (ге, smaller), size ог runout, establishes the 
tolerance of form. 


12.5.1 Small Circular Runout Tolerance and 
Large Size Tolerance 


A small circular runout tolerance may be applied on a 
feature that has а large sine tolerance See Figure 127. The 
esl runout tolerance of 000 must be met at vach rome 


section regardless ofthe size at that cross section. When 
the runout tolerance is met it mits sizevariationat each 
cross section to be 004 diameter. The variation іп 
diameter across the еліге length of the part may be the 
full range permitted by the size tolerance, but at cach 
cross section, И ts limited to 004. The resulting surface 
could be tapered. 


12.5.2 Small Total Runout Tolerance and 
Large Size Tolerance 


А small total runout tolerance may be applied опа 
feature that has а lage size tolerance. See Figure 12-4. 
Thetotal runout tolerance 010.02 must be met across the 
emire feature. When the runout tolerance ts met, i limits 
Size variation cross the feature to be 0.04 diameter. This 
mits the size variation on any produced part to no more. 
than 004. However, any part may be produced at the 
maximum or the minimum size, or any size between, 
provided the size variation does по result іп exceeding 
‘the total runout tolerance. 


12.5.3 Large Runout Tolerance and Small 
‘Size Tolerance 


When a circular or total runout tolerance s larger than 
the size tolerance the size tolerance controls variations 
insiaeand form. The anger runout tolerance controls the 
orientation and соакайту to the datum axis for a surface 
of revolution, See Figure 122, The larger runout 
tolerance controls the orientation for a planar surface at 
ıa аео the datum axis 


12.6 APPLICATION 


The methods discussed in paras, 12.6.1 through 12:68 
are used to specify a runout tolerance and datum features 
in vanoas applications. The tolerance zones apply to the 
fl een of the considered feature surface. 


12.6.1 Control of Diameters to Datum Axis 


When features to be controlled are diameters related 
to a datum axis, one or more of the diameters may be 
specified as datum features to establish the datum axis, 
and each related surface is assigned a runout tolerance 
‘with respect to tis datum aus. Figures 12:2 through 12- 
5 illustrate the fundamental principle of relating features 
ima runout tolerance to a datum axis as estab ished from 
з Single cylindrical datum feature of sufficient length, 
Figure 12-2 incorporates the principle of circular runout 
tolerancing and illustrates the control of circular 
elements of a surface. Figure 12-4 incorporates the prin- 
iple of total runout tolerancing and illustrates the 
‘contra of an entire surface. 


1262 Common Cylindrical Datum Features 


Figure 12-9 lustrates application of runout tolerances 
when мо еүйнігісі datum features collectively еламый э 
‘Single datum axis to which the features are read. 


12.6.3 Cylindrical and Planar Datum Features 


When features to be controlled are related o a cylinder 
and a planar surface at right anges to it ach related 
“surfaces assigned a runout tolerance with respect to the 
two datums. The datums are specified separately o 
Indicate datum precedence See Figure 12-10. 


12.6.4 Control of Individual Datum 


12.6.5 Control of Runout to a Datum Feature(s) 


Runout tolerance may be applied a datum feature(s) 
and related to the datum ais derived from that datum 
Features), See Figure 12:1. 


12.6.6 Rolationship of Features Based 
оп Referenced Datums 


һин tolerances are referenced to appropriate datum 
features to achieve the dented relationship between 


12.6.7 Runout Tolerance Applied to a 
Tangent Plane 


Runout tolerance may be applied to a tangent plane for 
ове ог more coplanar feature faces that are 
perpendicular to an axis of rotation. UOS, for a runout 
tolerance applied with the tangent plane requirement, 
the extent of the tangent plane is circular with a radius 
‘equal to the distance from the axis of rotation to the 
furthest point on the surfaces) toleranced. See Figures 
12-13 and 12-14. The requirements may also bespeciied 
using profile tolerance. See Figure 12:15. 


12.6.8 Runout Tolerance Application on 
an Assembly 


When specified at an assembly level, runout require- 
ments тау reference datum features that locate the 
assembly. The runout tolerance s relative to the asis of 
‘tution while the ads is constrained at the basic angle 
relative to the datum reference frame, and the assembly 
is constrained іп translation and rotation to the datum 
reference frame. See Figure 12-16, where the datum 
features do not establish the location of the axis of 
‘tation, but they do constrain the orientation of the ax 
to ensure that the toleranced feature is within the 
specified runout tolerance of the assembly. Additionally 
he axis of rotation may be labeled. 


127 SPECIFICATION 


Im orthographic views, multiple leaders may be used to 
direct a feature control frame to two or more surfaces 
having a common runout tolerance. Surfaces may be 
specified individually or in groups without affecting the 
Pinout tolerance. Soe Figure 12-11. 


Figure 12-2 Specifying Circular Runout — Small Size Tolerance and Large Runout Tolerance 
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Figure 128 Specie Total Runout ng a Large За Terme und a Small Runout Tolerance 
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Figure 12-10 Specifying Runout to a Surface and Diameter 


тете ORE ve 


Figure 12-11 Specifying Runout Relative to Two Datum Diameters Wih Form Control Specified 


Га а ве тези 


Figure 12-13 Total Runout Tolerance Applied toa Tangent Plane 
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MANDATORY APPENDIX 1 
ALTERNATIVE PRACTICES 


1-1 GENERAL. 


Although there are preferred practices shown within 
the body of this Standard, alternative practices may exist 
that эге commonly used in Industry. Any risks asso -ci 
with using alternative practices are the responsi-blIy of 
the user. Some alternative practices are documented in 
this Appendix as а result of common industry use or 
software limitations, Some practices have been removed 
from the body of the Standard because of thelr Jack ofa 
well-defined meaning АП alternative practices shown in. 
this Appendix may be removed from this Standard ater a. 
period of time has passed to permit industry to transition 
to the prefered. practices within the body of the 
Standard: Adoption of the preferred practices contained. 
within the body of the Standard s encourage. 


12 DIRECTLY APPLIED LOCATION TOLERANCES 


‘Tolerances directly applied to location dimensions for 
regular features of size were removed from this dimen- 
soning and tlerancing Standard in 1982, and they are 
not Included in the alternative practices in this Appendix 
There is по defined meaning in this Standard fora toler- 
ance that is directly applied to a location dimension that 
polls o a regular feature of size. See Sections 10, 1, 
and 12 for standard practices to be used for application 
‘of locating tolerances on regular features of size. 


datum feature references See Section 11. An alternate 
practice shown in this Appendix, which was shown im 
previous едно of this Standard, is to direct apply 
Tolerances on locaton dimensions on surfaces. The brief. 
meaning description previously given did nt go into deta 
about the potential for ambiguous situations caused by 
features manufactured with form or orientation variation. 
‘See para. 12, and Figures and 12, 

As an alternative practice, a tolerance directly applied 
to a location dimension for a surface may be used. See 
Figure 11. The explanation of the general meaning ol the 
directly applied tolerance that was formerly given in the 
Standard is provided im paras. 2.1 through 123. 

Theapplicationshown in Figure 1-1 is sometimes used 
In industry, but there s an unintended and often unrec- 
ognized ambiguity. As the surfaces vary in form or orien- 


‘ution, that variation may open questions regarding the. 
measurement origin and measurement direction for 
dimensions extending between the surfaces, See Figure I- 
2 


1-2.1 Tolerance Accumulation From 
Directly Applied Tolerances 

Figure 1-1 compares the tolerance valves resulting 
from tree methods of dimensioning but does not 
address the ambiguity that сап occur, Based on this 
Simplistic understanding of the intended meaning, the 
dimensioning method does affect the accumulation of 
tolerances. However, the simplistic assessment of 
tolerance accumulation is incomplete, because in 
‘addition to the aecumula-tions shown here, the eects of 
form and orientation on the accumulation may Increase 
the total variation beyond what is explained. 

{a} Od Dimensions. The maximum variation 
betwen two features ts equal е sum of the tolerances 
о the Intermediate distances: this results in the greatest 
tolerance accumulaion, In Figure 1-1, stration (a), the. 
lerance accumulation between surfaces X and Үй 0,15. 

(0) Base Line Dimensioning. The maximum variation 
between two features is equal to the sum of the 
tolerances on the two dimensions [rom their origin to the 
features; this results in a reduction of the tolerance 


ТОЈ Direct Dimenstoning. The maximum variation 
between two features is controlled by the tolerance on. 
the dimension between the Features: ths results ін the 
Teastalerance. In Figure l-1, illustration (c), the tolerance 
between surfaces Xand Y is #005. 


1-2.2 Directly Applied Location 
Tolerance Ambiguity 

When tolerance в directly applied to location dimen- 
son between surfaces, there і по assumed origin for the 
measurements When more than two surfaces are involved, 
questions can arise regarding whether the origin for each 
¿mencion may be dierent There в amb-guly regarding 
the direction ofthe measurement when no dication i 
ren of э required measurement vector. See шге 12. 
‘Whether э measurement must extend perpen dir toa 
particular surface or parallel tn one of the 


possible axes is unknown, and the feature selected to 
Establish measurement direction can affect the measure- 
ment result if form or orientation variation exits on the 
features. Whether all dimensions must be measured 
along the same vector is not defined, and the vector may 
Vary when different features are used as the origin for 
‘each measurement 


123 Avoldance of Location Tolerance Ambiguity 
Should this alternative practice be used, the user is 


ments to prevent the ambiguity that can occur. То avoid 
the пак associated with his alternative practice, apply 
basie location dimensions and profile tolerances. 


1-3 ANGULAR RELATIONSHIPS 


‘Angles defined with directly toleranced dimensioning may 
be ambiguous because assumptions must be made as tothe 
rn. na simple application. the use of he dimen- 


sion origin symbol may be adequate. See Section 5. In 
most cases, identifying а datum feature(s) and 
Establishing the angular relationship with a basic angle 
and orientation tolerance clearly defines the orientation 
‘lationship. Se Section 9. 


14 FILLETS, CORNERS, CHAMFERS, AND CONES 


Fillets, comers, chamfers, and cones may be specified 
by notes and other common means that are not fully 
define and may resultin ambiguity. Tolerances for these 
features may be clearly defined using profile tolerancing 
See Section 11. Profile tolerancing may control the 
location, orientation, size, and form within a defined 
boundary. A chamfer or cone may be located by 
identifying à gage diameter with a positional tolerance, a 
combination of profile and position. or a composite 
profile tolerance. See Sections 10 and 11. 


Figure 1 Tolerance Accumulation 
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(0) Base ine dimensioning: lesser tolerance 
accumulation between X and Y. 


NONMANDATORY APPENDIX A 
PRINCIPAL CHANGES AND IMPROVEMENTS 


АЛ GENERAL 


‘The purpose of this Appendix в to provide a let of the 
principal changes and improvements in s revision ofthe 
Standard. The changes spei ts a Sertion or Appendix are 
summarized under the appropriate Section headings in this 
Appendix. This Appendix dors not include an exhaustive ist 
ofa odis made in the Standard. 

Figures have been updated to include model-based 
application of dimensions and tolerances. Views have 
been added to figures to Ilustrate application in models. 
Where an application. method ін specifie to either 
orthographic views or models, the limitation of 
applicability is noted пиће figure or text. For explanation 
of model-based application requirements that are 
diferent. from orthographic view requirements, see 
ASMEYIAAL 


A2 STANDARD У14 FORMAT 


‘The format of this Standard has been revised o 
organize the material previously in Section 1 into new 
Sections 1 through 4 to be consistent with other ASME 
VIA standards, This change resulted in the renumbering 
ofall Sections but did not affect the order of information. 
Conventions defined im new subsection 14 have been 
applied throughout the Standard: individual edits based 
on those conventions are not delineated in this Appendix. 


АЗ SECTION 1, SCOPE 


Section 1 Is now limited to the subject of Scope. 
Subsection 1.4 was added to explain the ASME Y14 series 
conventions used in the ASME YI4 standards, and these 
conventions have been applied throughout this Standard. 


A-4 SECTION 2, REFERENCES 
This Section was previously subsection 1.2. Precedence 
ofinformation in this Standard was made 


mandatory in the case of a conflict between this Standard 
And the Information contained im any Standard. 
referenced within this one. 


зю 


Аз SECTION 3, DEFINITIONS 


Definitions for terms shown in ASME Y14.5-2009 were 
contained in subsection 13 and throughout the text. 
Definitions for terms specific по this Standard are now in 
Section 3, 


Ал Edited Definitions 


“The following definitions were edited for added clarity 
and without intent of change to the meaning angularty; 
‘boundary. least material (LMB); datum target feature; 
free state regular feature of sie, and runout 


A-52 Added Definitions 


The following definitions were added: continuous 
feature, continuous feature of size, interruption, repre- 
sented lime element, restrained, and wwe geometric 
counterpart 


А52 Deleted Definitions 


The following definitions were deleted concentciy, 
{ee state variation, restraint, symmetry, and theoretical 
datum feature simulator. 


AS SECTION 4, FUNDAMENTAL RULES AND 
GENERAL DIMENSIONING PRACTICES 


АЛ Fundamental Rules Relocated 


Fundamental rules previously in subsection 14 aro 
ow in Section 4 


4-62 Fundamental Rules Edited 


Requirements in para. Л) were splt to теме re- 
‘quirements 4215) and 418), Requirement 40) was 
‘ited to dary applicability of the full extent requirement 
Sn tolerances and datums Requirement +) was added to 
рва state that UOS by draving/madel not or referenæ 
o э separate document, the a-desgned dimen sion value 
docs sot Estaba functional or manufacturing target 
Requirements) regarding elements that are included within 
tolerance boundaries were added. 


АЛ SECTION 5, GENERAL TOLERANCING 
AND RELATED PRINCIPLES 


АТА Section Renumbered 
‘Section was previously Section 2 


Ата Directly Toleranced Location Dimensions 
Removed From the Body of the Standard 


Information applicable t directly toleranced location 
dimensions for surfaces has been removed from this 
Section and added to Mandatory Appendix L The practice 
‘of direct aplication af tolerances оп location dimensions 
Is not supported as a preferred practice because of the 
ambiguity that can be created through this method. This 
practice Is now included as an alternative practice in 
Mandatory Appendix 1, and some of the possible ambi- 
‘ules are explained. This information has been placed in 
Appendix to permit Из use during a transition period 
эз users become familiar with the preferred practices in 
Which feature control frames are used to specify profile 
tolerances for the location of surfaces. 


А.З Rulo #1 Explanation Expanded 
Requirements related to Rule #1 are clarified in para. 
зала), and their applicability o a festure of size tht. 


has localized areas without opposed points has been 
ed in para. 58). 


АТА Paragraph 5.82 Edited 
Theexceponsto Rule И have been etd. 
ATS Paragraph 5.16: Radius Further Explained 
“Theetectof a radius tolerance has been edited. 
ATS Paragraph 5.16.2 Controlled Radius 
Further Explained 


“The effect of a controlled radius tolerance has been 
died 


A-8 SECTION 6, SYMBOLOGY 
А8 Section Renumbored 
Section 6 was previously Section 3. 


‘A-8.2 Applicability of Symbols in 
Models Ilustrated 


Application of symbols іп models was added to some 
figures. Notation was added where needed to indicate 
application limitation to orthographic views. 


au 


жаз Added Symbols 

A "dynamic profletolerancezone modifier was added 
for usewith profile tolerancin A “from-to” symbol was 
added for indicating the direction in which a tolerance or 
other requirement applies. 


АЗА Removed Symbols 
“Concentricity” and “symmetry” symbols have been 
removed. 


A-8.5"Free State" Symbol Application Revised 


Theenplanaton of ihe useo the “Iree state” symbol as 
defined in para 6:320 was revised. 


А SECTION 7, DATUM REFERENCE FRAMES 
А Section Renumberod 
Section? was previously Section 4, 


A92 Effects of Straightness on Datum 
Simulation Explain: 
The explanation of the method to determine ће MMB 
‘of a datum feature was expanded and clarified to Include 
2 straightness tolerance on the datum feature of si 
Figures 7:22 and 7-23 and paras, 7.11.6 though 7.118 
explain the application of MMB and LMB. Figure 7:24 and 
para. 7.11.9 were added to explain the applicability of. 
[73 


АЭ Clarified True Geometric Counterpart at 
m 


An explanation for determining the size of a true 
geometric counterpart at LMB was clarified In para. 
71.8 and its subparagraphs. 


АЗА Tolerance Accumulation Effects of RFS 


An explanation of the accumulation of tolerances 
resulting from tolerances applied RFS was expanded in 
para 7.119 and its subparagraphs. 


‘4.9.5 Simulation Requirements for 
Datum Features 


Paragraphs 7.119 and 7167 were edited and para 
7.168 was added to establish a changed requirement 
‘elated to datum feature shift/displacement These revi- 
Sons require only an extremity ofthe simulated datum 
feature to remain within the MMB and LMB. That is a 
change from the ASME 145-2009 requirement for the. 
‘datum feature to remain in contact with the simulator: 


А9.6 Common Datum 


Im subsection7.12,theterm "common datum” replaced 
the term "multiple datum." 
АЗ.7 Datum Feature Symbol Application With 
a Feature Control Frame 
The required method for attaching a profile feature 


control frame and a datum feature symbol to multiple 
Surfaces was relocated from Section 7 to Section 6. 


A-9.8 Single Solution for a Datum 
Reference Frame 


A requirement was added to para 7.124 fora single 
solution when establishing datum reference frame. 


№9. Tolerances Applicable in Free State 


All requirements are now applicable in the free state 
VOS. Restrained condition requirements and use of the 
“free state” symbol are explained in subsection 720. 


4.9.10 Coordinate System Association. 
With a Datum Reference Frame 
The explanation of identifying the coordinate system 


associated with a datum reference frame has been 
expanded in subsection 7.21. 


A911 Customized Datum Reference 
Frame Limitation 
A note was added to subsection 7.22 that prohibits 
usinga customized datum reference frame ina composi 
tolerance. 
A-9.12 Datum Target Requirements and CAD. 


Application of datum target dimensional requirements 
and accommodation CAD capables have been added 
in para 7243, 


АЛО SECTION 8, TOLERANCES OF FORM 
A-10 Section Renumbered 
Section 8 was previously Section 5. 
Ало Combined Effects of Multiple Tolerances 
‘Applied at MMC on a Feature of Size 


A default was established in para. 84.1.3in which form 
tolerances applied at MMC to a feature of size do not 
combine to affect the В or OB ofa position or orientation 
tolerance that is applied to the same feature when the 
tolerances are applied at MMC. 


за 


4-103 Cylindricity Clarification 


The explanation of cylindicy was rewritten for 
clartyandwithoutanyintenttochangecyll 
ndri ei ty requirement. 


A104 “Free State” Symbol Application 
Removed From This Section 


Paragraphs explaining the application of the “free 
state” symbol have been deleted from this Section and 
‘requirements redefined based on the default that all 
dimensions and tolerances apply in the free state UOS. 
See subsection 7.20. The explanation of average diameter 
has been retained and is in subsection 85. 


A-11 SECTIONS, TOLERANCES OF ORIENTATION 
A-11.1 Section Renumbored 

Section? was previously Section 6, 
A-11.2 Orientation Symbols Relocated 


Definitions of orientation symbolsarenow in Section û 
Symbology. 


A-11.3 Orientation of Line Elements Redefined 
in Profilo 


‘Orientation applicable wo individual іне elements with 
з datum reference to an ands has been deleted from this 
Section: the method established for this purpose is now 
in Section 1 


жал? SECTION 10, POSITION TOLERANCES 
Атал Section Renumbered 

‘Section 10 was previously Section 7. 
4122 Expanded Explanation of Surface Method 


The default requirement for position specified at MMC 
o contro the surface of the feature to not violate a toler: 
ance boundary was first explicitly stated па note inthe 
1994 edition and illustrated through VC boundaries as 
eariy as 1966. The 2009 edition increased emphasis of 
thi default This Standard continues the transition of 
showing tolerance meaning in terms of the surface of the 
feature relative 10 an acceptance boundary. It is now 
clearly stated that the surface method and the axis 
method may not give exactly the same results, and that 
for tolerances applied at MMC. the default is the surface 
method. Multiple figures have been edited to show the 
surface method, with some figures showing both the 
Surface method and the axis method. The surface method 
is not applicable to tolerances applied RFS; the as. 
‘method is the only method used for tolerances applied 
[^1 


A-13 SECTION 11, TOLERANCES OF PROFILE 
ААЗА Section Renumbered 
Section 11 was previously Section 
A-132 Unequally Disposed Profile Specification 
‘The use of phantom lines in orthographic views to 
specify unequally disposed profile tolerance zone bound- 
aries was removed. I was an optional practice in ASME 
145-2009, 
A133 Profile All Over 


Alloverspecificaion within a general tolerance block 
has been added. 


АЛЗА Profilo on a Nonsize Datum Feature. 


An explanation о! profile on nonsize datum features 
has been added. 


A-13,5 Orientation of Line Element Using Profile 

Profile of a line as a refinement is explained in subse 
"on 11.9. This explanation includes achieving orientation 
of a line element using a customized datum reference 
frame. This accomplishes the same function as previously 
allowed by the use of orientation of line elements. 
‘A-13.6 Dynamic Profile Tolerance Zone 


The capability to specify a dynamic proie tolerance 
rr "не РЯ 


АЛА SECTION 12, TOLERANCES OF RUNOUT 


АЛАЛ Section Renumbored 
Section 12 was previously Section 9. 


зз 


A-442 Runout on a Tangent Plane 
Applicaton of runout tolerance on a tangent plane has 
been ade. 


‘Ac14.3 Runout Relative to an Axis of Rotation 
in an Assembly 


Application of runout tolerance relative to an axis of 
rotation, where the ais may not be a datum feature In an 
Assembly, has been added 


АЛАА Measurement Method Not Used to 
Explain Tolerance Boundari 


in past editions, runout tolerances were explained in 
terms of a measurement method using a dial indicator, 
See Figure А. For consistency in the explanation 
method used for other tolerances, the explanation of. 
‘runout is now based on the resulting tolerance one. The 
definition of runout tolerances was not changed. 


Ал45 Independence of Size and Runout St 


Independence ofthe runout tolerance Irom the size 
tolerance is now stated. 


№146 Runout Applicable to Feature 
With Interruptions. 


Jis now stated that runout may be applied to features 
with interruptions suchaskeyways. 


A-14.7 Cumulative Effects of Runout 
The cumulative effects of runout tolerances have been 
pu 


A-14.8 "Between" Symbol and Runout 


The use ofthe between symbol fordefiningextent of 
applications permitted. 


A-1 Specifying Total Runout Relative to a Datum 
Diameter 
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NONMANDATORY APPENDIX B 
FORMULAS FOR POSITIONAL TOLERANCING 


B-1 GENERAL 


“The purpose ofthis Appendix is to present formulas for 
determining the required positional tolerances or the 
required sizes of mating features to ensure that parts 
assemble correctly. The formulas are valid for single- 
segment feature control frames and feature-relating 
tolerancesin composite tolerances applied to all types of 
features or patterns of features and results їп a "no Inter- 
ference, no clearance” ft when features are at MMC wich 
their locations inthe extreme of positional tolerance. This 
assumes that interfacing datum features эге used or that 
‘adequate control of interface features is established to 
prevent their adverse interaction with the toleranced 
hole patterns. Consideration shall e pven for additional 
geometric. conditions that could affect functions. not 
‘counted for in the formulas below. 


B-2 FORMULA SYMBOLS 


B-2.1 Use of Symbols 


UOS, formulas given in this Appendix use the following 
five symbols: 
0 = minimum depth of thread or minimum thickness 
of part with restrained or fixed fastener 
F = maximum diameter of fastener (MMC Nimit) 
M = minimum diameter of clearance hole (MMC limit) 
P maximum thickness of part with clearance hole or 
‘maximum projection of fastener, such as a stud 
Te positional tolerance diameter 


B-2.2 Subscripts 


Subscripts are used when more than one size feature 
or tolerance ls involved: 


В.З FLOATING FASTENER CASE 


When two or more parts are assembled with fasteners, 
‘suchas bolts and nuts, and all parts have clearance holes 
for the bolts, is termed а “floating fastener case.” See 
Figure B-1. When the fasteners are the same diameter 
and itis desired to use the same clearance hole diameters 


ES 


TH WF 


EXAMPLE Given tht the Баце in Figure are 6 diameter 
‘mum and the деге hal are А diameter minimum. 
find the requir онова tolerance 


T <64 


= 044 damelerfor each part 


oral tolerances may be mated, provided the formula е. 
Fe Tor T= H = F is applied to each part individually: 


в4 FIXED FASTENER CASE WHEN 
PROJECTED TOLERANCE ZONE 18 USED 


When one of the parts to be assembled has restrained 
fasteners, such as screws іп tapped holes or studs, И Is 
termed a “fixed fastener case” See Figure 0.2. When the 
fasteners are the same diameter and Its desired to us 
the same positional tolerance in each part to be 
assembled the following formula applies: 

неват 


те 


“Theallowablepositiona tolerance for each рап is one- 
half that for the comparable floating fastener case. 
түшүнүшүүнүн 
реј el 6 and the dern hile ме а 
ја 
К 


T= ou 
2 
= 022 diameter for each part 


When it is desired that the рап with tapped holes have 
larger positional tolerance than the part with clearance. 
holes the total positional tolerance ofboth holes (27) can 
be separated into Ту and Т; in any appropriate manner 
so that the total equals 27. 


апетит 


EXAMPLE: When 271s 044,171 = 018 then Та 026. 


“Тһе general formula for the fixed fastener case where 
two mating pars have different positional tolerances i 


Lu 


The preceding formulas do not provide sufficient clear- 
ance for the fixed fastener case when threaded bles or 
holes for tight-fitting members, such as dowels, are out of 
Square. To provide for these conditions, an orientation 
tolerance may be applied ar the projected tolerance zone 
method of positional tolerancing should be applied to 
threaded holes or tight-fitting holes. See Section 10. 


-5 PROVISION FOR TILTING OF THE AXIS 
‘OR CENTER PLANE 


When an orientation tolerance or the projected toler- 
ance zone system Is not used, tis required to select a 
Positional tolerance and clearance hole combination that 
ompensates tor the allowable ting of the ans or center 
plane ofthe xed fastener feature. 


РА 
теті «Tal. Di 
ка 
where 
D = minimum depihofengagement of threaded or 
"ing member 
«maximum projetionofastener 
Ti postioaltleracediameteraf clearance hole Т; 
= positional tolerance diameter of tapped origi 
Nining holes 


EXAMPLE Given (һи, the temes in Pigre Ва hve a 
manum diameter fF, the polo verae и the ir 
ane бие в ОЗП te pea tolerance of the tapped hole te 
DAT», the mammum Мат ofthe pte withthe декет 
le 127 andthe minimum thickness o раме with he 
Шу he КВО, And е required cerace hole ше И. 


н етен) 


ағаға 2282) 
Hines m 
6%02%044) 

fusa 

D. 


B6 COAXIAL FEATURES. 


“Тһе formula below applies to mating parts with two. 
оз features when ane of these features s a datum 
feature for the other. See Figure 8-1. When itis 


desired to divide the available tolerance unequally 
between the parts, the following formula is useful: 


AIHZSFIFZETITZ 
NOTE тыз form aid only fr simple na part, that are 
M шташ length в sow here Consideration Мый be pwen hr 


‘ther premi conditions (а. orientation projected tolerance. 
e) tht may be rule fr unción. 


SAMPLE. Given the formation shown Aare 1-1. solve he 
пат 
MeN = АРТ 
тета = (Hy + H2) = (F1 + P2) 
= (20 + 10) – (1948 + 992) 
= 0.19 tai avalabletlerance 


тм total sible tolerance may be divided In му беште 


тола 


T2=007 
8-7 LIMITS AND FITS 


When for the size and ME of mating 
features are specified by symbols per ANSI 84.2, the 
formula for positional tolerancing are also applicable. 
EXAMPLE: For a dein ња requires ose runing sing 
the “tte Ba pra. the atures woe shown ar 
= вола 
20411 in place о120 "0; 


o 
20611 in place o 988 0 


"— d! 


o 
постна place 01882 E yy 


The above symbols have been used with Table 2 in 
ANSI BAZ obtain the limit values shown in Figure 11. 
‘Tables BZ and B3 in ANSI ВА show the following 

(а) For the hole basic size 20, fundamental deviation 
ната. 

(6) For the holebasi size 10 fundamental deviation 
mozo. 

(9 For the shaft basic size 20, fundamental deviation 
san. 

d) For the shaftbasic size 10, fundamental deviation 
сот-008. 


E 


Figure B-1 Floating Fasteners Figure Ba Fixed Fasteners 
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NONMANDATORY APPENDIX C 
FORM, PROPORTION, AND COMPARISON OF SYMBOLS 


C-1 GENERAL 


The purpose of this Appendix is w present the recom- 
mended form and proportion for symbols used in dimen- 
soning and tolerancing applications and to compare 
ASME and ISO symbols 


C-2 FORM AND PROPORTION 


Figures C-1 through CS Illustrate the preferred form 

and proportion of symbols established by this Standard 

for use on engineering drawings. The symbols are 

grouped ta illustrate similarities in the elements of their 

construction In all figures, symbol proportions are given 

as a factor of h, where his the letter height selected for 
ie within the enclosed 


за 


symbols. See ASMEVI4.2 or line weights letter heights, 
and arrow proportions. 


+ 


авс... 123. 


Letter height 


C-3 COMPARISON 


Figures C6 and C7 provide a comparison of the 
symbols adopted by this Standard with those contained. 
{international standards suchas ISO 1101, 180 129, and 
ISO 3040. In some instances, this Standard and the Ко 
standards use the same symbol, but with a different name 
or diferent meaning 
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Figure C4 Form and Proportion ol Modiyng Symbols 


Figure CS oem ana Propert of тии Symeon na 
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NONMANDATORY APPENDIX D 
FORMER PRACTICES 


0-1 GENERAL 


Тһе purpose о this Appendix 0 ent and state 
symbol, terms, and methods uf dimensioning that were 
featured in ASME YIA3-2009, For information on changes 
and improvements see Nonmandatiry Appendix A and the 
Foreword, The information in this Appendix provided to 
дома in the interpretation of existing drawings on which 
Former practices may appear 


0-2 CONCENTRICITY DEFINITION REMOVED 


"Concentricity" was defined as the condition in which 
the median points of all diametrically opposed elements 
of a surface of revolution [оғ the median points of corre- 
spondingly located elements of two or more radially 
disposed features) are congruent with a datum axis (oF 
tenter pol), 


зв 


0-3 SYMMETRY DEFINITION REMOVED 


"Symmetry" was defined as the condition in which the 
‘median points of all opposed or correspondingly located 
Четене of two or more feature surfaces are congruent 
‘with a datum аш» or center plane. 


0-4 CONCENTRICITY AND SYMMETRY 
‘SYMBOLS REMOVED 
The symbols for concenticity and symmetry, shown. 
below. have been deleted. 
CONCENTRICITY 


SYMMETRY 


0-5 DECISION DIAGRAM APPENDIX REMOVED 


The Nonmandatory Appendix showing decision 
diagrams for geometric controls has een deleted. 
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